Vol. XX September, 1943 


PUPLIC LIRRARY 
CEREAL OCT 13 194 


DETROIT 


Published bi-monthly by the American Association of Cereal Chemists 
at Prince and Lemon Sts., Lancaster, Pa. 


HL. Harris’ Assistant Farm, St. Paul 8, Minnesota 


Agricultural Experiment Station, 
R. M. Sandstedt, Managing Editor...... Lincoln 1, Nebraska 
Editorial Soard: 


J. A. Anderson, J. S. Andrews, M. J. Blish, G. Garnatz, 
Betty Sullivan, C. O. Swanson 


CONTENTS * Page 


The Relation of Proteol R. M. 


EB. Vail 
Chemical Factors Affecting the pas nt Rete of ‘Dry Milk Solids. III. bi) Effect of Several 
Milk Fractions on Loaf Volume é U. S. Ashworth, and N. S. Golding .... 535 
The of ied Spring ‘Wheat Varieties. A. G. O. Whiteside and 


A study a Some of the Vitamin B-Complex Factors in Rice and Its Milled Products. Virginia 
Riboflavin in Products of Commercial Rice Biting and Thiamin and Riboflavin in Rice Varie- 
563 
The Influence of Processing on the Thiamin and’ Niscia’ Content’ oi’ itive. M. C. 
Residues o- Methyl Bromide Fumigation of Cereal Products. H. D. Young, R. H. 
The Use of Seatisticn! Methods in Quality Evaluation of Barley and Malt Data. J. H. Torrie 
Report of the 1942-43 Committee on Testing Biscuit and Cracker Flours. W. Hanson ..... . 
Report of the 1941-42 Subcommittee on Testing Cake Flours with Baking Poder Adjustmen 
Report of the 1942-43 Committee on Methods of Testing Cake Flour. Lowell Armstrong ...... 602 
Report of ggg — of Analysis Subcommittee on the Determination of Iron Cereal aes 
Report a the 1942-43 Methods of Anal 7 a on Thiamine Assay. Oscar Skovholt 607 
Report of 1942-43 Methods of Subcommitie on Assay. John S. Andrews .. 613 
Correlation of Mixograms a John A. Johnson, C. O. Swanson, and 


* With the ex ign of the 1942-43 Commitee Reports all papers in this sue were prepared 
for publication by former editorial s 


Manuscripts for publication should be sent to the Editor in Chief. Advertising rates may be 
tm, and subscriptions with Go Sour, Prince and Lemon Sts., Lancaster, 

Pa., or Agricultural Eapechmest Station, Lincoln, Nebraska. spueeee rates, $6 per year. 
ee 50 cents extra. Single copies, $1.25; foreign, $1.3 


as second-class matter March 3, 1932, at the post office at Lancaster, Pa., under the act 


mailing at special rate of postage provided for in Section 1103, Act of October 3, 
1917 Fe February 16, 1924. 


( 
} 

Th 

\ : 


WALTON C. FERRIS 
President and Mgr. of the 


National Mfg. Co. 


ANNOUNCES IMPROVED 
DELIVERIES LAB. EQUIP. 


SUGGESTS USE HIGHEST 
PRIORITIES TO HELP 


IN PROCUREMENT OF 
MATERIALS, 
* * * * 
For Physical Characteristics For Moistures— 


Curves— 
Recording Micro Mixer 


Moisture Ovens—15 min. 


Now called the Mixograph For Maltose Determinations— 


For Test Baking— 


Boiling and cooling Baths 


Mixers complete— Pup For Ash Determinations— 


McDuffee mixer bowls 
Micro Size Mixers 
Sheeting Rolls 
Moulders 


Ash Furnaces 
Ash Crucibles 
Temperature Controls 


Baking ovens For Gassing Power— 


Baking pans 
Loaf Volumeter 
Photo Record Camera 


Kj t wW., 


Pressuremeters 


Constant Temp. Water 
Baths 


NEBRASKA 


Cz 
i 
May CEREAL 
NATIONAL MFG. COMPANY 
a load 


MAKING VITAMINS 
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enough B, ...and B, (riboflavin) ...for enriching flour 
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Enrich your flour with vitamins from Roche Park. 
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CONTROLLED MIXING 


is probably the word that should be used to describe the type 
of mixing principle employed in the FARINOGRAPH, by 
which the mass of dough is gently and evenly agitated. 


“Controlled mixing” in order to differentiate from the type 
of “uncontrolled’’ or irregular mixing which is used by pro- 
ponents of high-speed abusive dough testing. 


The argument for the latter seems sound—on the surface. 
The idea was to simulate high-speed mixing in bakeries. It 
was attempted by reducing the design incorporated in a large 
bakery mixer to a tiny test size; by reducing a thousand 
pounds of dough to 50 grams; by running the test mixer at 
the same speed as the large bakery mixer. 


So far, so good. But observe what happens. When a thou- 
sand pound dough comes out of the large bakery mixer, it is 
well developed, smooth and shows no signs of a tearing of the 
gluten strands. When a 50 gram dough comes out of a test 
mixer, designed to simulate high-speed mixing, it shows 
visible signs of a tearing of the gluten strands. 


Why? The answer is relatively simple. You can reduce a 
large bakery mixer to test size scale, you can reduce the 
amount of dough to 50 grams, but you cannot reduce the size 
and network of the gluten strands to scale. The tiny dis- 
tances between the pins of such test mixers will shear the 
gluten strand network to bits. 


The controlled type of 
mixing employed in 
the FARINOGRAPH 
avoids such shearing. 
It mixes and stretches 
the dough gently and 
evenly. Its high speed 
insures complete de- 
velopment of bread 
flour dough, and its 
low speed gives soft 
flour doughs or batters 
the gentle develop- 
ment they require. 


This latest model double-speed FARINOGRAPH is available 
. _ at a nominal rental charge per month. Write us for 
etails. 


BRABENDER CORPORATION, Rochelle Park, N. J. 
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Handle Large Volumes 
Easy to Clean — Rapid 
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Large Capacity Fun- 
nel is separable for quick 
cleaning. Ground annular 
No. 18598C connection between the 

upper and lower halves 

provides a seal to permit vacuum filtrations. It is 
not bulky nor top heavy. No. 18598C—Size inside, 
1134”. 6%” high. Capacity, 3 gallons... .$36.00 


For a heavy rapid filter paper, 29 cm for use with 
these funnels, specify No. 13260 at $1.35 per pkg. 
of 100 sheets. 


Cenco Safety Siphons 


eliminate hazards in transferring dangerous 
solutions from carboys. No pressure is 
placed on the container. The flow of liquid 
is continuous and instantly controlled. The 
siphon is self-priming and fabricated from 
Saran tubing—highly resistant to most 
acids and alkalies. No. 10007 Safety Siphon 
sells for $15.00. Another Safety Siphon, 
especially constructed for transferring 
hydrofluoric acid, is listed as No. 10008 at 
$17.00. 
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CONTROL 


UNBIASED laboratory tests over a period of several 
years have conclusively proved that NATIONAL GRAIN 
YEAST is far superior in the matter of dough control. 


And it is because of this and other outstanding quali- 
ties that thousands of progressive bakers have come 


to regard NATIONAL GRAIN YEAST as a primary 


essential in the art of baking better bread. 


NATIONAL GRAIN YEAST CORPORATION 


Chanin Bidg., N. Y. C. * Chicago, Ill. Crystal Lake, Belleville, N. J 
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IMPROVED. 
DESIGN 


Simpler, more compact, easier to use, the im- 
proved Bray Culture Dish offers new laboratory 
convenience over a wide range of uses. Fabri- 
cated from Pyrex brand Chemical Glass No. 774, 
the new Culture Dish has high mechanical 
strength plus the inherent strength provided by 
improved design. 

The Bray Culture Dish consists of two parts. 
The cover is the bottom of a standard “Pyrex” 
Petri Dish. The lower section, with strong 
beaded rim, has a divided bottom. The entire 
unit is compact, yet high enough to permit mix- 
ing of solutions without contamination of cul- 
ture. It fits conveniently in the sterilizer and 
saves storage space. 

FAST...SIMPLE TO USE 
The bottom of the “‘Pyrex” Petri Dish contain- 
ing the media to be inoculated (used as the 
cover) is placed on the dish holding the proper 
solutions. A suitable air-tight sealing tape is used 
to seal the unit. Solutions in 
the bottom, separated by the 


WITHSTANDS REPEATED STERILIZATION 


Made of Balanced “‘Pyrex’’ Chemical Glass No. 
774, this Culture Dish is not only mechanically 


‘strong but chemically stable and, of course, heat 


resistant. Long life under everyday service 
conditions is assured. 


WIDE RANGE OF USES 


The Bray Culture Dish may be used with ordi- 
nary biological agar in growing strict anaerobes 
such as Clostridium tetani and Clostridium 
welchii on the surface of blood agar plates under 
anaerobic conditions. Under partial anaerobio- 
sis produced by increased carbon dioxide ten- 
sion, Neisseria gonorrhoeae, Neisseria intracell- 
ularis and Hemophilus influenzae have been 
grown. Anaerobic streptococci, and streptococci 
requiring partial anaerobiosis have also been 
grown, when these organisms would not grow on 
primary culture of blood or exudate. 


BRAY CULTURE DISH 


raised center ridge, are mixed 
by gently tilting the dish. The 
sealing tape is easily removed 
for culture examination. 


Code 
No. Word 


Dia. | Hot. 
am Price | Price 


Net Price Per Pkg. in 
Net | Net Assts. 


Pho. | Ea. | Pho- | Phge.| 


In refrigeration, the culture 
media in the bottom of the 
Petri Dish may be protected 


3155 EDEGU 95 x 62 24 


COMPLETE 
$.70 $15.12 $14.36 $13.61 $12.85 


bya “Pyrex” Petri Dish Cover. 
The bottom containing the 


EDEIQ 95x 50 24 


DISH ONLY 
$.53 $11.45 $10.88 $10.30 $ 9.73 


culture may be placed on the 
Bray Culture Dish at the 
time of inoculation. 


COVER ONLY (PETRI DISH BOTTOM, 100 mm. x 15 mm.) 
3160 EDIGQ 


144 $.17 $22.03 $20.93 $19.83 $18.73 


Your regular laboratory supply dealer can supply you with the new Bray Culture Dish. 
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SYMBOL LEADERSHIP 


in the Pure Vitamin Field 


Ever since the first of the pure vita- As the foremost manufacturer of 
mins (ascorbic acid) was synthesized pure vitamins, Merck & Co., Inc. 
in 1934, the name Merck has been offers the food processor an estab- 
identified with leadership in the syn- lished and depiahilide source of these 
thesis, development, a production essential nutrients. 


of these vitally important substances. Backed by thorough experience, ex- 


The growing list of Merck contribu- tensive resources, modern and rapidly- 
tions in this field emphasizes the out- expanding production facilities, Merck 
standing role being played by Merck is well qualified to serve food proces- 
chemists and their collaborators in sors who are preparing to improve 
making available pure vitamins of their products through the addition 
known and uniform potency. of pure vitamins. 


Our scientific staff and laboratories are prepared to serve you. 
THIAMINE HYDROCHLORIDE CALCIUM PANTOTHENATE 
(Vitamin B,) DEXTROROTATORY 


ASCORBIC ACID 
RIBOFLAVIN (Vitamin C) 


(Vitamin Be) 


VITAMIN 
NIACIN (Nicotinic Acid) (2-Methyl-3-Phytyl-1, 

4-Naphthoquinone) 

NIACINAMIDE MENADIONE 
T (Nicotinamide) (2-Methyl-Naphthoquinone) 
V | AM | N ~ PYRIDOXINE (Vitamin K Active) 
HYDROCHLORIDE ALPHA-TOCOPHEROL 
(Vitamin Bg Hydrochloride) (Vitamin E) 


For Victory—Buy War Savings Bonds and Stamps 


Chemical Assay of Vitamin B; Analytical Test in Vitamin Procedure 


MERCK & CO. Ine. Manufacturing Chemists RAHWA 
New York, N. Y.- Philadelphia, Pa. - St. Louis, Mo. - Elkton, Va. - Chicago, Ill. - Los Angeles, Cal. 
In Canada: MERCK & CO,,Limited, Montreal and Toronto 
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“PRECISION ”’ Kjeldahl equipment at Clemson College, South Carolina, 
where fertilizer analyses are conducted for the entire state. 


INVESTIGATE the ADVANTAGES 
of “PRECISION” KJELDAHL EQUIPMENT 


UNDREDS of *‘*PRECISION” K jeldahl installations Send for 


prove the ability of this equipment to simplify detailed 
routine analyses, cut down on the time per determina- literature 
tion, promote cleanliness and accuracy, with accom- 
panied savings in operating costs. No matter what the 
size of your laboratory or how many nitrogen determi- 
nations you run daily, there is a ““PRECISION” Kjeldahl 
setup just right for your needs. Standard outfits are 
available consisting of distillation only, digestion only, 
or digestion and distillation combined, capacities 6, 12, 
24, 36, or 48 units. Single side or double side. Specifica- 
tions submitted and prices quoted without obligation. 


Multi-Hood tellurium 
lead fume exhaust with 
individual hoods. Pos- 
itive, more uniform, 
cleaner suction. 


Individual hood provides 

expansion cham for 
sudden fume burst—pre- Twin-unit portable distilla- 
vents back-flow of con- tion, available in several 
densation. models, gas or electric. 


PRECISION 


1736-54 NORTH SPRINGFIELD AVE., CHICAGO, ILLINOIS 
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Better 
KJELDAHL NITROGEN APPARATUS 


Unparalleled system of fume disposal (Patented) 
Not available in any other apparatus 


Your Choice ot 
Many Arrangements 


Only One Choice 
of Efficiency 
and Durability 


Pictured—Combination Digestion and Dis- 
tillation Unit, Electrically Equipped 
and with 3 heat switches. 


Detailed specifications and full in- 
formation will be sent on request 
without any obligation on your part. 
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Clemson College Jos. E. Seagram & Sons Archer-Daniels-Midland Co. 


Clemson, S. C. Louisville, Ky. Chicago, Ill. 
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Clinton, Iowa Columbia, Mo. Gibson City, Ill. 
Midwest Solvents Co. University of Maryland Acme-Evans Company 
Atchison, Kans. College Park, Md. Indianapolis, Ind. 


W. Canada Flour Mills 
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The Schwarz Laboratory 
New York, N. Y. 
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Wilson and Co. 
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VoL. XX SEPTEMBER, 1943 


THE RELATION OF PROTEOLYSIS TO THE CHARACTERISTICS 
OF OXIDATION AND REDUCTION IN DOUGHS'! 


R. M. SANDSTEDT and KARL FORTMANN ? 


Department of Agricultural Chemistry, Nebraska Agricultural 
Experiment Station, Lincoln, Nebraska 


(Read at the Annual Meeting, May 1942) 


The role of proteolysis in bread doughs has been the subject of 
considerable investigation and controversy. The suggestion was made 
by J@rgensen (1935) and Balls and Hale (1936a) that the action of 
oxidizing agents in bread doughs can be explained on the basis of the 
inhibition of proteinase action. According to this theory such charac- 
teristics of unoxidized doughs as the pliability, extensibility, poor gas 
retention, and lack of oven spring (generally referred to as ‘“‘ young”’ 
or ‘“‘green’’ doughs) and the small underdeveloped loaf of bread with 
its round, thick-walled cells (‘‘young”’ or ‘‘underdeveloped’’) are the 
results of proteinase action. The intensification of these charac- 
teristics (production of soft, sticky doughs) on the addition of certain 
reducing agents is explained as being due to the activation of the 
proteinases or (Balls and Hale, 1936b) to an increased susceptibility of 
the gluten to proteolytic attack. The characteristics of oxidation 
(‘‘age”’ or ‘‘overdevelopment’’) in doughs are explained as being the 
result of the inhibition of the proteinases, with a corresponding absence 
of proteolysis. The theory is based on the similarity in the properties 
produced in doughs and in bread by added proteinases and on the fact 
that proteinases of the papain type can be activated by certain re- 
ducing agents and inhibited by certain oxidizing agents. The pro- 
teinases of wheat flour have been said to be of the papain type (Balls 
and Hale, 1935 and 1938). 

It has been pointed out by a number of workers that the theory of 
the activation of proteinases, as the explanation of the action of re- 
ducing agents, does not correspond with the observed action of these 


1 Published with the approval of the Director as paper No. 335. Journal Series, Nebraska Agri- 
cultural Experiment Station. 
2 Present address: Campbell Taggart Research, Kansas City, Missouri. 
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agents in doughs. Ford and Maiden (1938), in comparing the effects 
of glutathione and papain in doughs, showed that glutathione had a 
direct and immediate softening effect on the flour protein and that 
the effect did not increase with time (as it would if it were acting as a 
proteinase activator); while papain had a delayed softening effect 
which increased with time of action. Balls and Hale (1936b) them- 
selves show that the action of reducing agents is rapid and complete 
in a short period and that this does not indicate proteolytic activation 
but direct action on the gluten. They then suggest that the protein 
is activated and thus made more susceptible to proteinase action. 
However, this assumption of an activated protein still includes the 
theory that the reduced character of the dough is due to proteinase 
action (on the activated gluten) and accordingly would be little more 
compatible with observed rates of action than the original theory. 

Elion (1943) in his defense of the proteolysis theory appears to 
consider the active proteolytic enzyme only as a detrimental in- 
gredient, the detrimental effect of the enzyme being due merely to its 
presence, not to the degradation which it produces in the gluten. 
His discussion seems to imply that on inactivation of the proteinase 
the gluten should also regain its original properties—that is, ‘. . . a 
progressive return of the flour proteinases to their latent or inactive 
state and a progressive decrease of proteolytic activity in the dough 

. with a progressive improvement of its quality.”” It seems to us 
that this view of proteolysis and its inhibition is untenable. 

The literature, pro and con, on this topic and on the general topic 
of oxidation and reduction in doughs has been thoroughly reviewed 
by Sullivan, Howe, Schmalz, and Astleford (1940) and by Shen and 
Geddes (1942). These reviews point out the exceeding complexity of 
the question of the probable action of oxidizing and reducing agents 
in doughs and the inadequacy of our present analytical methods for 
studying these reactions. 

It is the purpose of this paper to call attention to some discrepancies 
between the proteinase theory as proposed by J¢rgensen and by Balls 
and Hale and the observed action of reducing and oxidizing agents in 
doughs. The characteristic course of the action of oxidation and 
reduction in doughs seems to us to furnish convincing evidence that 
the manifestations of reduction and of oxidation in doughs are not 
due to the activation and inactivation of proteolytic enzymes. It is 
well known that the oxidation of a dough by bromate is slow and is 
progressive over a considerable period of time. If doughs made from 
unoxidized flour are treated with normal quantities of KBrO; (1 to 
2 mg %) the oxidizing action is not noticeable in the dough until after 
a considerable period of fermentation; there is a gradual development 
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of oxidation or gradual disappearance of reduced character. If the 
reduced character is the result of proteolytic disintegration of the 
protein, its disappearance should mean a resynthesis of the gluten 
protein. As compared with the action of KBrOs, the action of KIO; 
or NaClO, is exceedingly rapid and is noticeable in the dough as it 
comes from the mixer (Sullivan, Howe, Schmalz, and Astleford, 1940; 
Baker and Mize, 1941), although even with these agents there is a 
pronounced increase in oxidation with time. 

Though these points are readily observed in the fermentation and 
baking of unbleached flours and are quite generally known, apparently 
their significance has been overlooked in the proteolytic-inhibition 
theory; accordingly they are included in the experimental work re- 
ported in this paper. 


Experimental 


Unbleached second clear flour may be effectively used to illustrate 
the action of naturally occurring proteolytic enzymes and of added 
oxidizing agents, since the reduced character of the untreated dough 
and its response to oxidation are obvious and proteolytic enzymes are 
present in much higher concentration than in the higher-grade flours 
(Cairns and Bailey, 1928). Also the response to oxidation in clear 
flours is not complicated by the gelation of pentosans (Baker, Parker, 
and Mize, 1942). Accordingly, a commercial 15.8% protein second 
clear flour was used for the following series of demonstrations. 


Baking Method 


The micro baking technique used in this study is founded on that 
described by Van Scoyk (1939) as modified in this laboratory by 
Sandstedt and Ofelt (1940). The following formula was used for this 
particular study: 

Flour 25 g (15% moisture basis) 
Salt 1% 

Yeast 3% (Fleischmann) 
Shortening 3% (Crisco) 

Water 60% 

Sugar was adjusted to fermentation time so that the baked loaves 
had approximately the same residual sugar content. The sugar added 
to the second clear doughs varied from 1.5% for a 1-hour fermentation 
to 7.2% for a 5-hour fermentation; 8% sugar was added to the experi- 
mentally milled Turkey flour for the 4-hour fermentations (3-hour 
sponge and 1-hour dough). 

The doughs were given an ‘‘optimum”’ first mix in the National 
micromixer. The sponge doughs were given a one-minute second mix 
which according to dough appearance and handling properties seemed 
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OXIDATION AND REDUCTION IN DOUGHS 


Fig. 1. Development of characteristics of oxidation during a short fermentation with unbleached 
second clear flour: A with no oxidizing agent, B with 2 mg % bromate, C with 14% mg % chlorite. 


Fig. 2. Development of characteristics of oxidation during a 3-hour fermentation period. 
Flour and oxidation as in Figure 1. 
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Fig. 3. Development of the characteristics of oxidation in 100% sponge doughs. Flour and 
oxidation as in Figure 1. Oxidizing agents added at first mix. 


Fig. 4. Reversal of characteristics of natural reduction by oxidation. 100% sponge doughs with 
oxidizing agent added at the second mix. Flour and oxidation as in Figure 1. 

to be ‘‘optimum”’ and was sufficient to give a uniform distribution of 

the oxidizing agent through the dough. 

The doughs were punched and molded by sheeting through the 
National sheeter and rolling into a loose roll. Proofing was to 6.5 cm 
height iii the tall-form pans. 

The doughs and loaves shown in Figures 1 to 4 illustrate the 
characteristic progress of oxidation—the slow action of KBrO; and the 
rapid action of NaClO,. The doughs of Figure 1 were photographed 
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after a fermentation of 134 hours at 30°C, and the loaves were baked 
from doughs having a corresponding total fermentation: 1 hour fer- 
mentation plus proof (approximately 45 minutes). Loaf A had no 
oxidizing agent added, B 2 mg % KBrOs, and C 1% mg % NaClO,. 
It is seen that the unoxidized dough and bread had pronounced 
characteristics of reduction; according to the Jgrgensen-Balls and Hale 
theory these are the results of proteinase action. However, the dough 
and corresponding bread oxidized by KBrO; also showed these same 
effects so, according to theory, the KBrO; had not appreciably in- 
hibited proteolysis. On the other hand, the dough and bread con- 
taining NaClO, showed very marked effects of oxidization, or according 
to theory, lack of proteolysis. 

The doughs and loaves shown in Figure 2 show the effects of fer- 
mentation for an additional 2 hours, corresponding to the usual 3-hour 
fermentation and proof. The doughs shown were punched at the end 
of the first 2 hours and then allowed to rise 134 hours for the dough 
pictures; the loaves were baked from doughs having the usual A.A.C.C. 
punching treatment. It is seen that the unoxidized dough and corre- 
sponding loaf still showed reduced character—though not as strongly 
as at 134 hours. The KBrO; oxidized dough and loaf now showed 
considerable oxidation. If these oxidized characteristics were brought 
about by inhibition of proteolysis, the proteinase which produced the 
reduced characteristics of the corresponding dough and loaf in Figure 1 
(B) must not only have been inhibited but its action must have been 
reversed by the extension of fermentation. It seems highly im- 
probable that proteolytic decomposition could be so readily reversed 
by oxidation. The NaClO, loaf at this stage showed evidence of 
overoxidation. 

Since the reduced characteristics developed in the unbleached clear 
flour doughs were reversed by the action of bromate, it might be in- 
formative to extend the time of action of the naturally occurring 
proteinases and reducing agents beyond the period allowed by the 
slow action of the bromate. This may be conveniently accomplished 
by the use of 100% sponge doughs (all of the flour in the sponge), 
adding the oxidizing agent at the second mix. 

Figure 3 shows the effect of remixing the doughs at the end of 
the 3-hour fermentation and giving an additional 25 minutes’ recovery 
before molding; 7.e., the loaves were baked from 100% sponge doughs 
with a 25-minute dough time. In this case, all ingredients, including 
the oxidizing agents, were added at the first mix; accordingly these 
loaves were comparable to those shown in Figure 2. The charac- 
teristics of the loaves were not materially changed except for a finer 
grain in the oxidized loaves. 


“if 
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The loaves shown in Figure 4 were produced from 3-hour 100% 
sponge doughs with a 2-hour dough time, the oxidizing agent being 
introduced at the second mix. Loaf A received no oxidizing agent, B 
was given 2 mg % of bromate, and C 1% mg % of chlorite. It is 
obvious that the 3-hour action of natural proteinases and reducing 
agents was completely reversed by the subsequent action of the 
oxidizing agents. This is a strong indication that even the relatively 
large quantity of proteolytic enzymes reported to be present in clear 
flours is of little consequence in baking. 

If the reduced character of the unoxidized loaves in this series of 
bakes was due to proteolysis, it seems that this character should have 


Fig. 5. Effect of subsequent oxidation on natural reduction of an unbleached high protein patent 
flour 100% sponge dough. A with no oxidizing agent, B with 144 mg % NaClOz added at the 
second mix. 
become progressively more pronounced with increased fermentation 
(Shen and Geddes, 1942). It is seen that instead of the reduced 
character becoming intensified with time of fermentation, it became 
less pronounced (compare loaves in Figs. 1, 2, 3, and 4) and, if the 
proteolysis theory were accepted, the surprising conclusion would be 
that there was less proteolysis during the long fermentation than during 
the short fermentation. 

Loaf C (Fig. 4) showed definite indications of overoxidation. 
Freilich and Frey (1939) point out that the action of bromate ‘goes 
beyond any point at which it might be explained as due to retardation 
of proteolytic activity.’’ Certainly it seems strange that a deficiency 
of proteolysis may be created in a dough which had undergone too 
much proteolysis before the inhibiting agent was introduced. 
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These studies involved only the naturally occurring proteolytic 
enzymes and naturally occurring reducing agents of flour. To throw 
more light on the action of reducing agents and proteolytic enzymes 
in doughs, further studies were made to compare the action of added 
papain and reducing agents. A composite of a number of high- 
protein, experimentally milled, unbleached patent Turkey wheat 
flours was used for this study. A high protein (14%) was chosen in 
order to obtain unmistakable differences in the character of loaves 
produced by the various treatments, and 100% 3-hour sponge doughs 
were used so that reducing agents or papain could be added at the 


_ Fig. 6. Effect of subsequent oxidation on reduced characteristics produced by Na2SO;3. A and B 
first mix and allowed to act on the dough for a period of time before 
the oxidizing agent was introduced. A 1-hour dough time was allowed 
after the second mix, giving the oxidizing agent (added at the second 
mix) one hour plus the proof time in which to act. 

The loaves shown in Figure 5 were the check loaves for this series 
of bakes. Loaf A, being the negative check, had no reducing or 
oxidizing agents added. Loaf B was given optimum oxidation at the 
second mix. This is the standard for comparison of all optimally 
oxidized loaves produced by various treatments. The optimum oxida- 
tion was determined by a series of bakes, varying the NaClO, added 
by 0.5 mg % steps; the loaf showing the greatest volume combined 
with good characteristics was taken as the optimum. 

Figure 6 shows the effect of allowing a reducing agent to act on 
the doughs for a 3-hour period. Twelve mg % Na2SO; was added at 
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the first mix to the doughs from which loaves A and B were baked. 
A received no oxidizing agent at the remix while B received 4 mg % 
NaClO, (optimum). Loaves C and D were given 16 mg % NaSO; at 
the first mix; C no oxidation; D 5 mg % NaClO, at the remix. The 
increase in reduced character produced by the Na2SO; may be seen 
by comparing loaves A and C with loaf A of Figure 5. That the 
effects of the sulfite addition were reversed by the subsequent oxidation 
may be seen by comparing loaves B and D with loaf B of Figure 5; 
seemingly the action of the added reducing agent had produced no 
irreversible detrimental effects. 


Fig. 7. Reduction with 16 mg % glutathione, with subsequent oxidation. A with no oxidation 
B with 5 mg % NaClO: at second mix. Compare with Figure 6. 


The characteristics produced by glutathione are similar to those 
produced by reduction with Na2SO; and are also reversible by oxida- 
tion. This similarity is illustrated by the loaves shown in Figure 7. 
These were baked from dough which had been treated with 16 mg % 
glutathione at the first mix. Loaf A was the unoxidized check while 
loaf B was oxidized with 5 mg % NaClO, at the second mix. Under 
these baking conditions the 16 mg % of glutathione had a reducing 
action comparable to 16 mg % Na»SO; (loaf C, Fig. 6). This approxi- 
mately equal quantitative relationship would not be expected to hold 
for other samples of glutathione with more reduced or less reduced 
character. However, on oxidation the glutathione-treated dough 
(loaf C, Fig. 7) produced a larger loaf than could be produced by 
oxidation of sulfite-treated doughs (loaf C, Fig. 6) or by oxidation of 
the untreated dough (loaf B, Fig. 5), indicating that oxidized gluta- 
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thione might be a better dough improver than some other oxidizing 
agents (Ziegler 1940). 

The above experiments have shown that reduction in doughs may 
be reversed by oxidation and that the naturally occurring proteolytic 
enzymes of a second clear flour produced no perceptible irreversible 
degradation. How does the action of added papain (added in quantity 
to produce the same reduced appearance in the bread as was produced 
by the reducing agents used in the above experiments) compare with 
these observations? 

The loaves shown in Figure 8 were all produced from doughs in 
which papain was added at the first mix. In preliminary experiments 
it was found that the addition of 2.0 mg % of the particular sample 


Fig. 8. Effect of subsequent oxidation on nee treated doughs. A and B were given 2 mg “% 
and C and D3 mg % papain at the first mix. Band D were given optimum oxidation at the second mix. 
Compare with Figure 6. 


of papain which we were using produced loaf characteristics similar to 
those obtained from the use of 12 mg % of Na2SO; and that 3.0 mg % 
produced characteristics similar to those produced by 16 mg % of 
NaSO;. Loaves A and B of Figure 8 were produced from doughs 
which had been treated with 2 mg % of papain at the first mix, loaf A 
being the check which was not oxidized while loaf B was given 4 mg % 
NaClO, at the remix. Loaves C and D were from doughs treated with 
3 mg % papain at the first mix, loaf C being the check with no oxidation 
while D was given 5 mg % NaClO:. Loaves B and D were the largest 
loaves that we were able to produce by subsequent oxidation from 
these papain-treated doughs. By comparing loaf A of Figure 6 with 
loaf A of Figure 8, and loaf C of Figure 6 with loaf C of Figure 8, it 
may be noted that the papain-treated doughs gave characteristics that 
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could easily lead one to conclude that proteolysis and reduction were 
identical in effect. However, it is seen that the proteolysis which 
occurred in the papain-treated loaves could not be reversed by oxida- 
tion; 7.e., though the characteristics due to reduction and proteolysis 
appeared to be quite similar, the reduction could be reversed while 
the proteolysis could not. Comparing loaves B and D of Figure 8 
to loaf B of Figure 5, it is seen that papain caused a loss in the maximum 
volume obtainable from this flour by oxidation. 

While proteolysis and reduction produce characteristics in doughs 
and bread that are visually indistinguishable, they have a decidedly 
different action on the gluten proteins. Since no perceptible irre- 
versible effect of proteolysis was found in the second clear doughs, we 
conclude that even the relatively large quantity of naturally occurring 
proteolytic enzyme present in the second clear flour (as compared to 
that present in normal patent or straight flours) was present in such 
small amounts as to be of no significance in baking. 


Summary 


The action of the reducing agents naturally occurring in flour may 
be reversed by subsequent oxidation. This is considered as evidence 
that the reduced character of doughs and bread made from unoxidized 
flour is not due to proteolysis. Moreover it indicates that even the 
relatively large quantity of proteinase reported to be present in clear 
flours (as compared to normal patents and straights) produces no 
perceptible irreversible degradation. 

The action of reasonable quantities of added reducing agents is 
also shown to be reversible by subsequent oxidation. Degradation 
of the gluten proteins by papain (added in quantity to produce 
similar reduced appearance in the bread as was produced by the 
added reducing agents) was not reversible by subsequent oxidation. 
Accordingly, though proteolysis and reduction produce characteristics 
in doughs and bread that are visually indistinguishable, they do not 
have identical modes of action on the gluten. 
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Increased production of frozen eggs for human consumption during 
the last few years indicates a growing interest in their use. Prescott 
and Proctor (1937) have predicted that people now living will see the 
day when the housewife will buy frozen eggs for most -culinary uses. 
Improved methods of freezing and storing these eggs have aided greatly 
in making them available for general use. 

Sweetman (1937) states that the nutritive value of eggs does not 
change with freezing, and experiments show frozen eggs to be as satis- 
factory as fresh eggs in most food mixtures. Bakers, food manufac- 
turers, and others who use large quantities of eggs have found the 
frozen product more convenient to use, more uniform in quality, better 
adapted to large-scale usage, and more economical, on the whole, than 
fresh eggs. 

The quality of frozen eggs depends upon the fresh eggs from which 
they are made, upon the method of freezing, and the care taken in the 
freezing and storing of the finished product. Frozen eggs retain their 
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original quality for long periods of time if held at sufficiently low tem- 
peratures, but special care must be exercised during and after thawing. 
LeClerc and Bailey (1940) recommended that frozen whites be held at 
refrigerator temperature until entirely thawed, then thoroughly mixed 
to combine the solids and the fluids. 

Lowe (1940) found that angel food cakes made from frozen whites 
were as good in every respect as those made from fresh whites. Al- 
though considerable work has been done on the whipping of fresh egg 
whites and their use in angel food cakes and some work has been done 
with frozen whites, there are still numerous unanswered questions. 
Commercial producers of frozen eggs may or may not treat the egg 
whites prior to freezing, to alter their viscosity. Some companies are 
marketing both thick and thin frozen whites. In recent years con- 
siderable interest has been shown in the relative whipping quality of 
thick and thin egg whites and studies have been made of these two 
types, both as obtained by separating the individual whites into the 
two portions and by using eggs of various ages. 

Egg whites, when beaten, form a foam which consists of many 
small air bubbles surrounded by protein film. The ability of egg 
whites to form a foam is due to the low surface tension of the whites 
and to the stability of the surface films. When egg whites are beaten 
the coagulation of the protein is one of the results of the mechanical 
agitation and it is this which gives rigidity to the foam structure. 

Rahn (1932) stated that in order to have a stable foam it is neces- 
sary to have in the solution colloids which concentrate in the surface 
as a result of the lowering of surface tension and then solidify readily. 
He believed that egg albumin behaves like other typical foam sub- 
stances and conforms to the accepted theories of foam stability. 

The authors of Eggs and Egg Products (U. S. Dept. Agr., 1941) ob- 
served that the whipping quality of egg whites seemed to vary with 
the viscosity or with the quality of fluid white that they contain. The 
more viscous the white, the longer it took to form afoam. The result- 
ing foam had less volume but greater stability than that formed from 
thinner whites. 

St. John and Flor (1931) stated that the very firm white took longer 
to beat because it was apparently necessary to break up the gross 
colloidal structure before air could be incorporated. The resulting 
foam not only had less volume but was also more pasty and less fluffy 
than foams obtained with thinner whites. 

Almquist and Lorenz (1932) suggested that the firm white is com- 
posed of a fine, fiber network of pure ovomucin in which is entrapped 
the ordinary liquid white. As the carbon dioxide escapes, the fibers 
break up and can no longer entrap the liquid white. These workers 
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(1933) considered the difference between firm and liquid whites to be 
one of structure and not of water content, and Holtz and Almquist 
(1931) showed that the total solids content of the thin egg white is 
equal to that of the firm white. 

St. John and Flor (1931) and others have stated that a low viscosity 
increases the ease with which a foam may be formed but Barmore 
(1934) demonstrated that ‘‘ the specific gravity of the foam was directly 
proportional to the viscosity of the egg white draining from that foam.”’ 
Barmore believed that ‘‘as the viscosity is reduced the beater is able 
to tear the liquid into thinner and thinner liquid layers that then entrap 
the air." This worker also observed that the decrease in viscosity 
resulting as the period of beating increased was further evidence that 
the thick egg white is composed of a fine fiber network of protein, en- 
trapping the ordinary liquid and that beating probably tears up the 
fibers and destroys the structure. 

St. John and Flor (1931) recommended that egg whites be at a 
temperature of 60° to 70°F before beaten and workers in the Wilson 
and Company laboratories (1939) found that the best foams were pro- 
duced at whipping temperatures of 70° to 80°F. St. John and Flor 
(1931) believed their results with different beating temperatures were 
due, at least in part, to the effect of temperature upon the consistency 
of the whites. They found that both the thick and thin portions of 
the white were relatively thicker at lower temperatures and that air was 
incorporated with greater difficulty. The statement is made in Eggs 
and Egg Products (U.S. Dept. Agr., 1941) that ‘the temperature of the 
egg white affects the speed with which the foam is formed and the 
volume obtained.”’ The reason given is that with an increase in tem- 
perature there is a decrease in the surface tension of the egg whites; 
the result is that eggs at room temperature beat more readily than those 
taken directly from the refrigerator. 

The purpose of this study was to determine the best temperatures 
for whipping fresh and frozen whites for angel food cakes, to determine 
the most satisfactory baking temperature for cakes made from these 
different whites, and to compare the quality of angel food cakes made 
from fresh and frozen eggs. 


Method 


The work was divided into two series of experiments. In Series I, 
a study was made of the effect of different beginning beating tem- 
peratures of the egg whites on the quality of angel food cakes. In 
Series II, the effect of different baking temperatures was determined. 
Series I: Sixty angel food cakes were made with 4 beginning beating 
temperatures: 40°, 50°, 60°, and 70°F. Five cakes were made with 
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each of the beginning beating temperatures from each of three kinds 
of egg whites. In order that the results might be carefully checked, 
six cakes were baked each day, two from each of the three types of egg 
whites. All cakes of the first series were baked at 350°F for 40 minutes. 

Series II: Seventy-five cakes were baked at 5 different baking tem- 
peratures and times: 350°F for 40 minutes, 375°F for 35 minutes, 400°F 
for 30 minutes, 425°F for 25 minutes, and 450°F for 21 minutes. The 
same three types of egg whites were used as in Series I. Five cakes 
made from each of the three types of egg whites were baked at each 
of the five baking temperatures. 

The ingredients for each series were as nearly identical as possible. 

The only ingredient varied throughout the study was the egg whites. 
The three types of egg whites used were: No. 1 fresh, thick frozen, and 
thin frozen. 

A recipe and a method of mixing angel food cake on an electric 
mixer, developed at Kansas State College, were used. The cakes were 
baked in ovens equipped with thermostatic heat controls. 

The following determinations were made: temperature of the foam 
and batter; specific gravity of the foam and batter (Platt and Kratz, 
1933); volume of batter; area of a slice of cake as an index of volume 
(Platt and Kratz, 1933); percentage loss of weight during baking; com- 
pressibility, elasticity, and tenderness of the cake (Platt and Kratz, 
1933); and the quality as judged by a palatability committee. 


Results and Discussion 


A summary of the results using different beginning beating tem- 
peratures is given in Table I. All three types of egg whites were found 


TABLE I 


MEAN RESULTS FOR CAKES MADE FROM EGG WHITES OF 
DIFFERENT TEMPERATURES (SERIES I) 


Tem Volum Area of Palata 
white batter cake score! 
cc sqcm mm mm cm 

40 2506 73.9 9.3 2.5 67.2 4.4 49 

50 2555 a8 9.5 2.6 65.1 4.2 48 

60 2651 80.2 9.3 2.8 67.5 4.3 49 

70 2788 80.7 8.6 2.9 62.4 4.4 51 


1 Possible score, 70 points. 


to whip better at 70°F than at other temperatures tried. Whites 
whipped at this temperature produced good foams which remained 
quite stable. All of the cakes were more tender and of better texture 
when they were made from whites whipped at 70°F. Cakes made from 
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whites whipped at 40°F were more compact and much smaller in vol- 
ume than those from whites whipped at the higher temperatures. 
Some difference in color was noted in the cakes made from whites of 
different beginning beating temperatures. When the whites were at 
70°F before beating, the resulting cakes were more nearly white than 
those made from the same kinds of whites whipped at lower tempera- 
tures. The results obtained agree with those of other workers who, as 
has already been discussed, have shown that up to a certain point an 
increase in temperature resulted in improved whipping quality of both 
thick and thin egg whites. This may be due to the fact that as the 
temperature increases up to 70° or 80°F, the whites become thinner 
and the surface tension decreases. 

The thin frozen whites whipped more quickly than the thick frozen 
ones, but both types whipped more quickly than the fresh whites. 
There appeared to be a greater amount of leakage from the foams of 
the fresh than from either type of frozen whites. There was little 
leakage from the foams of the thin frozen whites when whipped at 
70°F. The average results for the cakes made from the three types of 
egg whites in Series I are given in Table II. At all four beginning 


TABLE II 


MEAN RESULTS FOR CAKES MADE FROM THREE TYPES OF 
EGG Wuites (SERIEs I) 


Type of egg Area of slice | Compressi- Elas- Tender- Penetra- Palatability 
whites of cake bility ticity ness tion score! 
sqcm mm mm g cm 
Fresh 75.4 9.3 yA 63.9 4.3 49 
Thick frozen 75.8 8.4 2.8 76.1 4.0 49 
Thin frozen 82.7 10.0 2.6 56.8 4.9 49 


1 Possible score, 70 points. 


beating temperatures the thin frozen whites produced the greatest 
volume of finished batter and the largest baked cake, but the difference 
was greatest when the whites were beaten at 70°F. Cakes made from 
the thick frozen whites had the second greatest volume and those 
from the fresh whites slightly less. 

A possible explanation for the results with thin frozen whites may 
be found in Barmore’s work (1934), which showed that beating tears 
up the fiber structure of the egg white, thus reducing the viscosity at 
the same time that the foam is being formed. And Almquist and 
Lorenz (1932) have shown that in the absence of sufficient CO, the 
fibers of the firm white break up, thus giving a thinner white. It seems 
probable then that thin frozen whites resulting from mechanical treat- 
ment or from changes brought about by allowing the egg whites to 
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“‘age’’ either by natural or artificial methods would beat to a greater 
volume and in less time than would the more viscous whites. 

The results, obtained with various baking temperatures, are sum- 
marized in Table III. Volume, as indicated by the area of a slice of 
cake, increased with increase of baking temperature up to 425°F. At 
450°F there was a definite loss of volume. As is shown in Table III, 
the cakes baked at 400°F had the greatest compressibility and were 
given the highest score by the palatability committee but were defi- 


TABLE III 
MEAN RESULTs FOR CAKES BAKED AT DIFFERENT TEMPERATURES (SERIES II) 
Baki A f | P , Pal 
Come essl-| Elasticity | Tenderness Penetra- bility 
ture cake baking ed Gon score! 
% mm mm g cm 
350 82.5 43.1 9.0 4.0 68.1 4.3 49 
375 84.5 36.7 9.0 3.8 72.6 4.2 48 
400 87.7 33.3 9.3 3.9 71.7 4.5 51 
425 90.9 32.9 9.1 3.6 63.4 4.6 50 
450 83.1 30.6 8.6 32 66.7 4.5 44 


1 Possible score, 70 points. 


nitely less tender than some of the other cakes. Cakes baked at 425°F 
were most tender and rated high both in compressibility and in palata- 
bility score. There was a decrease in the percentage loss in weight in 
baking with the increase in baking temperature. Cakes baked at 
350°F lost 43.1% in weight, whereas those baked at 450°F lost only 
30.6%. This was evident in judging the cakes, for those baked at the 
higher temperatures were more moist; in fact, many of the cakes baked 
at 450°F were so moist as to be almost soggy. There was no great 
variation in the color and flavor of the cakes baked at the different 
temperatures. 

The results obtained with different baking temperatures would ap- 
pear to substantiate the statement by Barmore (1935) that higher 
baking temperatures for angel food cakes do not decrease the tender- 
ness because the internal temperatures of the cakes change very little 
with changes in baking temperatures. Lowe (1937) and Burke and 
Niles (1936) have reported that better cakes were produced when baked 
at 350°F as compared with 325°F, a temperature often recommended 
but lower than any used in this study. At the higher temperature 
these workers obtained larger cakes, which were more moist and tender. 
Work in the laboratories of Wilson and Company (1939) indicated that 
temperatures of 425°F to 450°F produced angel food cakes of better 
quality and greater volume than cakes baked at lower temperatures. 
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Table IV shows that in Series II, as in Series I, the thin frozen 
whites produced cakes of greatest volume, compressibility, and tender- 
ness. In Series II the score of the palatability committee indicates a 
preference for the cakes made from the fresh egg white. This was in 


TABLE IV 


MEAN RESULTS FOR CAKES MADE FROM THREE TYPES OF 
Ecc Waites (Serres II) 


Type of egg Area of slice | Compressi- Elas- Tender- Penetra- Palatability 
whites of cake bility ticity ness tion score! 
sqcm mm mm g cm 
Fresh 85.5 8.9 3.6 70.2 4.4 50 
Thick frozen 84.0 8.8 3.8 73.9 4.3 48 
Thin frozen 88.0 9.4 3.8 61.8 4.5 48 


1 Possible score, 70 points. 


part due to the more acceptable flavor of these cakes. This difference 
was not noted in the cakes of the first series, which were made a year 
before but which used the same brand and grade of whites. 


Summary 


A beginning beating temperature of 70°F and a baking temperature 
of 400°F for 35 minutes or of 425°F for 30 minutes produced the most 
desirable angel food cakes with fresh, thin frozen, and thick frozen egg 
whites. Both the thin frozen and the fresh whites produced cakes of 
high quality with similar characteristics but those made from the thick 
frozen whites were less desirable. 
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CHEMICAL FACTORS AFFECTING THE BAKING QUALITY OF 
DRY MILK SOLIDS. III. THE EFFECT OF SEVERAL 
MILK FRACTIONS ON LOAF VOLUME! 
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The baking quality of dry milk solids has been greatly improved as 
the result of the investigations of Greenbank et al (1927), Grewe and 
Holm (1928), and Skovholt and Bailey (1931). These workers found 
that the baking quality of the dried product was enhanced by heat 
treatment of the fresh skim milk. Heat treatment is now a general 
practice when the dry milk solids are to be used in bread making. 

Many studies have been made on the effect of heat treatment on 
the baking quality of dry milk solids. If the reason for the improve- 
ment in baking quality, following heat treatment, could be established 
and associated with a definite fraction of the skim milk, it might aid 
in determining what factors are responsible for the variability in the 
baking quality of heat-treated dry milk solids. 

Stamberg and Bailey (1942) used the Heyrovsky micropolarograph 
to show that unheated fresh skim milk contains sufficient sulfhydryl 
groups to cause definite softening of dough. They found that boiled 
milk had no measurable amount of sulfhydryl groups. The dough- 
softening factors in the unheated fresh milk were in the whey portion, 
as shown by means of the farinograph. The tests were made on 
wheys prepared from fresh skim milk by both the acid and rennet 
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precipitation methods and the same results were obtained in each case. 
However, no baking tests were reported on the various fractions of 
fresh skim milk or dry milk solids. 

The goal of this problem is to find the fraction or fractions of the 
skim milk which are responsible for variations in baking quality. 
Were such found, it appears logical to expect that a test could be de- 
vised that would replace the present slow and relatively uncertain 
baking test for the elimination of the few lots of poor-baking dry milk 
solids now being made. 


Materials and Methods 


The dry milk solids were obtained from certain Northwest Wash- 
ington plants that use the spray process. The baking quality of these 
samples was determined for commercial grading at the baking labora- 
tory of the Consolidated Dairy Products Co., Seattle, Washington. 
The samples were selected to represent good and poor baking. Fresh 
skim milk was obtained from a Grade A supply of pasteurized milk. 
Both unheated and heat-treated skim milk were used. In the early 
work (Table IV), a heat treatment of 82°C for 45 minutes was used, 
and in the remainder of the work the heat treatment was 90—95°C for 
5 minutes. The milk fractions were all prepared from the above- 
mentioned source of milk. 

Acid whey was prepared by the slow addition of dilute hydrochloric 
acid (1 volume of concentrated cp HCI in 9 volumes of water) to 
rapidly stirred skim milk at 35°C until a pH of 4.65 was recorded by a 
meter equipped with a glass electrode. The mixture was left for 30 
minutes to precipitate and the whey decanted through a filter paper. 
The filtrate was then adjusted to pH 6.5 with 4N sodium hydroxide. 
When concentrated whey was used, the technique of Palmer (1934) 
was followed. Rennet whey was prepared by the addition of 0.2 ml 
of Hansen’s cheese rennet to 750 ml of the skim milk at 35°C. The 
milk was left for 30 minutes to clot and the curd cut to facilitate the 
expulsion of the whey. The curd was then strained off and the whey 
filtered to remove fine particles. 

Casein was prepared for the baking tests by acid precipitation from 
fresh skim milk, also at pH 4.65. The separated curd was washed 
twice by decantation with an excess of cold water and redispersed in 
water by the addition of a minimum amount of 4N sodium hydroxide. 
The casein was immediately reprecipitated, washed as before, and 
again dispersed with the sodium hydroxide in about half the amount 
of water. The alkaline casein solution was immediately cooled to 
about 0°C and the pH adjusted to 6.5 by the slow addition of the 
previously mentioned dilute hydrochloric acid while the solution was 
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rapidly agitated with an electric stirrer. While the casein solution 
was held at about 0°C, the nitrogen concentration was determined and 
the amount of casein in the solution calculated for the baking test. 
The sodium chloride concentration of this solution was determined in 
order that the necessary corrections could be made on the salt used in 
the baking formula. 

For dialysis of the milk and milk fractions, a cellophane tubing 
14-inches in diameter, obtained from the Central Scientific Company, 
was found to be satisfactory. The dialysis apparatus was similar to 
the equipment described by Lampitt and Bushill (1933). The cello- 
phane tubing, tied at one end and mounted in rubber at the other, was 
suspended in a specially designed glass cylinder so that distilled water 
could be rapidly circulated around the dialysis sac. The dialysis 
was complete in 48 hours as shown by the absence of reducing sugars. 


TABLE I 
FORMULAS AND BAKING METHODS 


Method 1: Method 2: 
Hard-wheat, highest Hard-wheat, highest 
patent, high-baking- patent, medium-baking- 


strength flour strength flour 


Formula 


Flour 100 g 100 g 

Salt (NaCl) 1.5 1.5 

Sucrose 3.5 4.0 

Yeast 3.0 3.0 

Shortening 0.0 2.0 
Water and milk fractions Variable Variable 
Mixing time (Swanson mixer) 2 min 2 min 
Fermentation time 180 min (30°C) 125 min (30°C) 
Proofing time 55 min (30°C) 55 min (30°C) 
Molding methods! Hand (3rd ed. CLM) Hand (4th ed. CLM) 
Type of pans Low form Low form 
Baking time 25 min (232°C) 25 min (232°C) 
Weight per loaf 150 g dough 90 g flour 


1CLM refers to Cereal Laboratory Methods. 


Since a concentrated dialysate of the skim milk could not be recovered, 
an ultra-filtration method was used to obtain the dialysate material. 
For this work a suitable length (approximately 21 cm) of the cello- 
phane tubing was mounted in rubber and placed in a liter suction flask. 
The air pressure in the flask was reduced by approximately 100 mm 
of mercury and the distended sac filled with the milk to be filtered. 
The ultra-filtrate was obtained during 48 hours. The ultra-filtration 
and dialysis, with the exception of the work shown in Table VI, was 
done in a cold room at 4°C to prevent fermentation. The high lactose 
content of the concentrated whey made it desirable to dialyze it against 
tap water at 15°C for 24 hours before completing the dialysis another 
24 hours at 4°C. 
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The baking methods followed were, in the main, those outlined in 
Cereal Laboratory Methods (1935, 1941), but certain modifications were 
necessary. The details of the methods employed are given in Table I 
and the method used is stated in each table concerned. 


Experimental 


The data in Table II show the amount of nitrogenous substances 
found in several of the fractions used for baking. The results show 
that the ultra-filtrates from fresh skim milk and dry skim milk each 
have a nitrogen value similar to that of the corresponding dialysate. 
Because of the removal of approximately 78% of the nitrogen by the 


TABLE II 
NITROGEN DISTRIBUTION IN MILK FRACTIONS 


Percent of total nitrogen 


Milk fraction 
Non- 
dialyzable 


Dialyzable Ultra- Rowland's (1938) 
| (by difference) filtrate for nonprotein 


Fresh skim milk 5.1 
Fresh skim milk whey — 

(acid method) 


acid precipitation of the casein from the whey, the dialyzable fraction 
of the whey would be expected to be about five times as great as that 
from the fresh skim milk. The data show that the distribution of 
nitrogenous substances in the whey is approximately in this proportion. 
The values in Table II were not determined from a sufficient number 
of samples to assure representation of all milks, but they are repre- 
sentative of this work. It may be noted that Rowland’s (1938) values 
for nonprotein nitrogen are approximately the same as those from the 
dialyzable fraction. The ultra-filtrate from both the dry milk solids 
and the fresh skim milk failed to give a positive Biuret test for proteins. 
Thus it is evident that little if any proteose or peptone material passed 
through the cellophane membrane. 

The average volumes of the loaves made from samples of good and 
poor dry milk solids are shown in Table III. The results show a 
highly significant difference in loaf volume between those that baked 
well and those that baked poorly. The dialyzable fractions from good 
and poor dry milk solids, when used in the bread formula, produce 
loaves of practically the same volume. The poor-baking factor, which 
accounts for the low loaf volumes, is thus shown to be in the non- 
dialyzable fraction. The extent of the reduction in volume of the 
loaves by the nondialyzable fraction over that of the dialyzable fraction 


[ 
| 23.0 


Sept., 1943 HARLAND, ASHWORTH, AND GOLDING 539 


for good and poor milks is 14 and 52 cc, respectively. This is further 
evidence that the poor-baking factor is definitely associated with the 
nondialyzable fraction. 

TABLE III 


A COMPARISON OF THE AVERAGE VOLUMES OF THE LOAVES BAKED (METHOD 1) 
FROM THE Goop AND Poor BAKING Dry MILK Sotips (DMS) 


Milk fraction Good milks ! Poor milks ! Difference 
ce cc ce 
6% DMS 603 + 5.6 579 + 5.0 24* 
(a) Nondialyzable fraction of DMS 596 + 4.1 562 + 4.7 34* 
(b) Dialyzable fraction of DMS 610 + 6.4 614 + 4.9 4 
(b-a) 14 52* 


1 Average of four milks, duplicate bakes, 2 loaves per bake. 
* These values lie beyond the 1% level of significance. 


The effects of heat treatment on the volumes of loaves baked with 
fresh milk fractions are shown in Table IV. Heat treatment resulted 
in a highly significant increase of 56 and 51 cc for the volumes of the 
controls and nondialyzable fraction, respectively. The heat treatment 
had practically no effect on the dialyzable portion of the milk. The 
poor-baking quality is again shown to be in the nondialyzable fraction. 


TABLE IV 


Errect oF HEAT TREATMENT ON THE VOLUMES OF LoAves BAKED (METHOD 1) 
WITH FRESH MILK FRACTIONS 


Milk fraction No. of bakes} Unheated | No. of bakes Heated Difference 
ce ce cc 
Skim milk (controls) 9 576 + 2.3 4 632 + 4.7 56* 
Nondialyzable fraction 3 555 + 5.0 4 606 + 5.5 $e° 
Dialyzable fraction 4 697 + 2.7 4 689 + 3.6 8 


* These values lie beyond the 1% level of significance. 


The data thus far presented show that the poor-baking factor of the 
milk is associated with the nondialyzable fraction. The nondialyzable 
fraction contains the casein, lactalbumin and lactoglobulin, the in- 
soluble salts, enzymes, and cellular constituents. The nondialyzable 
fraction of the skim milk was divided as follows: 


Rennet whey—casein precipitated from the skim milk by rennet at pH 6.6. 

Acid whey—casein precipitated by acid at pH 4.65. 

Casein, precipitated from the skim milk by acid, which can be washed and redispersed 
by sodium hydroxide. 


The removal of the soluble materials from the whey fractions was ob- 
tained by dialysis. The effect of including these fractions in the baking 
formula was studied. 
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The baking quality of acid and rennet wheys, both heated and 
unheated, is shown by the results of the baking tests in Table V. 
These results show a highly significant heat-labile factor in both the 
rennet and acid wheys, which appears slightly greater in the former. 


TABLE V 


Errect oF HEAT TREATMENT ON THE VOLUME OF LOAVES BAKED (METHOD 1) 
witH AciID AND RENNET WHEYS FROM FRESH SKIM MILK 


Milk fraction No. of bakes| Unheated | No. of bakes Heated Difference 
ce cc ce 
Rennet whey 3 578 + 6.7 3 632 + 6.8 54* 
Acid whey 3 577 + 7.5 3 619 + 3.6 42* 


* These values lie beyond the 1% level of significance. 


However, these data show no significant difference between the two 
wheys. Concentrated whey, both dialyzed and undialyzed, was 
tested for its effect on baking. The results, shown in Table VI, show 
a highly significant heat-labile factor present, as was the case with 


TABLE VI 


EFFECT OF CONCENTRATION AND DIALYSIS ON THE VOLUMES OF LOAVES BAKED 
(MetHop 2, witH FrResH SkIM MILK), Acip WHEY EQUIVALENT TO 14% 
OF THE SKIM MILK 


No. of bakes| Unheated | No.of bakes| Heated Difference 
ce ce ce 
Undialyzed 8 746 + 5.4 8 818 + 5.2 72° 
Dialyzed 7 756 + 5.7 8 802 + 7.7 46* 


* These values lie beyond the 1% level of significance. 


the acid whey (Table V). It is possible that dialysis removed a part 
of this factor, because the increase in volume by heat treatment of 
the undialyzed acid whey was about one-half greater. This was not 
associated with pH, since the acid in the undialyzed whey was neutral- 
ized by sodium hydroxide. Since the dialyzed concentrate required 


TABLE VII 


EFFECT OF HEAT ON THE VOLUME OF LOAVES BAKED WITH AcID CASEIN FROM 
FresH Skim MILK 


| Baking | No.of | unheated | Heated Dilferenc 
% cc ce ce 
6 1 6 768 +5.4 | 784+ 7.5 16 
8 2 7 760 + 3.1 773 + 3.6 13 
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longer to prepare, this difference may have been associated with some 
other factor. 

Casein prepared by the previously stated method was added to 
the baking formula in two quantities. The results in Table VII show 
that the heat-labile factor was largely absent in the casein prepared 
from skim milk by this method. 


Discussion 


This work confirms the conclusion reached by Stamberg and Bailey 
(1942), that the heat-labile factor, detrimental to baking, is in the whey 
fraction. However, the present work shows in addition that it is the 
nondialyzable heat-labile fractions of the acid and rennet wheys that 
are detrimental to baking. This is not in full agreement with Stam- 
berg and Bailey’s (1942) statement that the factor is dialyzable, but 
this lack of agreement could easily be due to differences in the mem- 
branes used. The detrimental heat-labile nondialyzable fraction of 
the whey is a small fraction of the milk and therefore might be associ- 
ated with the noncasein nitrogen, the natural enzymes of the milk, 
or the cellular constituents. 


Summary 


The nondialyzable fractions of both poor-baking dry milk solids 
and fresh skim milk showed definite improvement in baking quality 
following heat treatment. 

The baking qualities of both acid and rennet wheys from fresh skim 
milk were improved by heat treatment. The addition of concentrated 
whey to a dough formula further reduced the loaf volume, which was 
again improved by heat treatment. There was some evidence that 
during dialysis the detrimental factor in whey either slowly dialyzed 
or changed in some other manner to reduce its potency. 

Casein prepared by the acid method was not changed in its influence 
on baking by heat treatment. 
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THE THIAMIN CONTENT OF CANADIAN HARD RED 
SPRING WHEAT VARIETIES ' 


A. G. O. WHITEsSIDE? and S. H. Jackson * 
(Received for publication December 28, 1942) 


The thiamin content of wheat and wheat products is creating 
considerable interest among nutritionists, and this interest is being 
reflected to millers and crop men. To gain further knowledge on the 
thiamin content of Canadian hard red spring wheat, determinations 
were made on numerous samples of the principal varieties grown in 
Western Canada to determine the effect of variety and environment 
on these samples, and to supplement information published by the 
authors in a former paper (Jackson and Whiteside, 1942). Johannson 
and Rich (1942) published data on 265 commercial hard red spring 
wheats from most of the crop districts in Western Canada, and found 
a range of 2.2 to 8.0 ug of thiamin per gram (333 to 1210 International 
Units per pound) with an average of 3.93 wg per gram (594 IU per 
pound). Jackson and Whiteside found a range of 525 to 747 IU per 
pound for large bulk commercial lots of 1940 crop wheat. Nordgren 
and Andrews (1941) presented evidence that the thiamin content of 
wheat is influenced by wheat type, variety, and environment. For 
certain Canadian samples they reported a range from 1.45 to 2.81 mg 
per pound (483 to 937 IU per pound). Numerous authors have 
demonstrated that wide variations occur in different samples of wheat, 
but little is known about the factors that contribute to these variations. 

In the studies reported here, thiamin determinations were made in 
the laboratory of the Paediatrics Department of the University of 
Toronto by the thiochrome method with the same technique referred 
to in the previous publication by the authors (1942). 


' Contribution from the Cereal Division, Dominion Department of Agriculture, Ottawa, and the 
Department of Paediatrics, University of Toronto. 
Senior Assistant Cerealist, Dominion Department of Agriculture, Ottawa. 
3 Biochemist, Department of Paediatrics . University of Toronto. 
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Composited Samples of Pure Varieties 


The authors (1942) published thiamin values for Canadian hard 
red spring wheat representing the crops of 1939 and 1940 and included 
data for commercial samples as well as those from plot tests of pure 
varieties. In Table III of that paper the thiamin content of six 


TABLE I 


THIAMIN CONTENT OF HARD RED SPRING WHEAT VARIETIES IN 
INTERNATIONAL UNITS PER POUND OF WHEAT 


Year 
Variety 


Apex 
Regent 
Renown 
Reward 
Thatcher 
Mean 


varieties was given on a composite of each variety. These were made 
up from samples collected from plots grown at 158 places in the three 
Prairie Provinces in 1939. A similar set of samples was made available 
through the courtesy of the Crop Testing Plan for the 1940 crop. 
A comparison of the thiamin contents of six varieties for the year 1939 


MEAN oF 6 VARIETIES REGENT THATCHER 


— 


46 © 12 o 24 € © o 2 4 ¢ 


1.U. Per. LB. 


THIAMIN 


NUMBER OF SAMPLES NUMBER OF SAMPLES NUMBER OF SAMPLES 
Fig. 1. The range of thiamin values for the 1940 crop. 


and for the same varieties for 1940 is shown in Table I. For the 1940 
crop, 163 places are represented in the mean figure. It will be observed 
that the varieties arranged themselves in the same order in 1940 as 
they did in 1939. Regent, Renown, and Reward gave the highest 
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Mean 
IU per pound 
670 695 683 
645 660 653 
820 838 829 
820 792 806 
806 784 795 
700 713 707 
744 747 746 
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thiamin values, and Thatcher, Apex, and Marquis ranked lower. 
The close similarity between the data for the two years is remarkable. 

For the 1940 crop, the study was based on 1,167 original samples 
and these were composited for certain districts only. A wide range 
of thiamin values, which included a low of 436 IU per pound for one 


TABLE II 


MEAN WEIGHT PER BUSHEL, WEIGHT PER 1,000 KERNELS, PROTEIN AND THIAMIN 
FOR THE SIX VARIETIES FOR EACH DISTRICT AND FOR THE 21 
District SAMPLES OF EACH OF THE VARIETIES 


Samples in Weight Weight 
Crop district means com posite for per per Protein Thiamin 
each variety bushel 1,000 kernels 
no. | Ib £ % IU per lb 


MANITOBA 


SASKATCHEWAN 


1 and 2 62.4 

3 and 4 3 62.0 34.6 14.8 607 
5 11 62.2 35.5 15.0 617 
6 10 62.2 32.9 15.9 722 
7 16 61.2 30.5 16.0 722 
8 17 61.9 33.1 14.4 657 
9 62.3 


ALBERTA 


62.5 32.9 15.6 732 
61.9 32.0 15.7 763 
61.2 31.8 15.5 757 
61.7 32.5 15.5 762 
62.9 36.7 12.5 665 
60.8 31.2 15.4 727 
62.7 34.3 13.2 729 
62.3 36.1 14.5 652 
62.8 35.5 13.8 729 
62.8 34.9 14.0 671 


VARIETY MEANS 


Mean for all samples 


61.2 
Marquis 61.4 
Regent 60.8 36.4 
Renown — | 61.8 32.8 15.1 792 
Reward 63.4 32.2 16.3 784 
Thatcher | 61.4 29.9 14.9 713 


— 
4 1 59.4 24.9 14.7 768 
7 1 59.3 24.2 16.5 979 
10 2 62.4 36.4 15.9 804 
12 1 58.4 25.3 17.9 1071 
1 1 
4 and 6 14 
5 2 
7 and 8 10 
9 2 
10 10 
a 11 5 
12 1 
13 and 14 15 
16 4 
| | | 
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sample of Marquis and a high of 1,280 IU per pound for one sample 
of Regent, was obtained. The bar diagrams (Fig. 1) show a compari- 
son for the mean of the six varieties given in Table I, and for Regent 
and Thatcher separately. Along with the thiamin data, test weight 
per bushel, weight per thousand kernels, and protein were determined. 
This additional information was secured to ascertain if there were any 
relationships between some of these characters and thiamin as shown 
by statistical analysis. The mean data for the four characters of the 
six varieties in all 21 districts are given in Table II. From these 
values, variance analyses were made and the differences between 
districts and between varieties were found to be highly significant for 
each of the four characters. From these variances, standard errors 
and necessary differences were calculated and these are given in 
Table III. For thiamin 75 IU per pound are required to indicate 


TABLE III 


STANDARD ERRORS AND NECESSARY DIFFERENCES CALCULATED FROM THE 
VARIANCE FOR INTERACTION OF DISTRICTS X VARIETIES 


(ND = 2¥2SE) | | Thiamin 


lb % IU per lb 
SE for single determinations 0.70 & 0.53 65.1 
SE for mean of district 0.29 ‘ 0.22 26.5 
SE for mean of variety 0.15 a 0.12 14.2 
ND for single determination 1.99 3.9: 1.49 183.9 
ND for mean of district 0.81 | : 0.61 75.1 
ND for mean of variety 0.43 : 0.33 40.1 


significance between the means of the six varieties for any two districts, 
and 40 IU per pound between the means for any two varieties for the 
21 districts. Similar information is given for weight per bushel, 
weight per thousand kernels, and protein. These differences are 
based on the error as determined for the interaction between varieties 
and districts. 

Correlation coefficients calculated from the variance and co- 
variance of the 126 samples representing 21 districts and 6 varieties 
are presented in Table IV. This arrangement allows for the sorting 
out of correlations for districts, varieties, and the interaction of 
varieties and districts. The correlations for district and for total, 
being significant, show that thiamin is negatively correlated with 
weight per bushel and kernel weight, and positively correlated with 
protein. The effect of varieties tends to lower the total correlations 
as shown in the correlations for varieties. To gain further information 
on the behaviour of the varieties, simple product moment correlations 
were calculated for the 21 district samples of each variety. In 
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Table V it will be noted that all varieties did not behave alike and 
better relationships for the thiamin combinations were shown for 
Apex, Renown, and Thatcher. 


TABLE IV 


CORRELATION COEFFICIENTS FOR WEIGHT PER BUSHEL (w), WEIGHT PER 1,000 
KERNELS (k), PROTEIN (p) AND THIAMIN (t) FOR 21 DistRicT SAMPLES 
oF EAcH OF 6 VARIETIES BASED ON THE VARIANCES AND 
COVARIANCES OF THE 126 SAMPLES 


DF wk wp wt kp kt pt 5% pt | 1% pt 


Districts 19 | +.92| —.66| —.74| —.62| —.75| +.70| .43 55 
Varieties —.25| +.83 | +.15 | +.24| +.60| .81 .92 
Districts X varieties | 99 | +.35| —.03| +.11 | —.09| +.18| +.23/ .20 .25 
Total 124 | +.56| —.24| —.39| —.39| —.29| +.61] .17 .23 


Kernel weight and bushel weight are positively correlated and each 
of them is negatively correlated with protein. This was found to be 
true for the district correlations for all six varieties combined and 
generally true for each variety taken separately. Further calculations 
were made to determine the partial and multiple associations of each 


TABLE V 
CORRELATION COEFFICIENTS FOR 21 District SAMPLES OF EACH OF 6 VARIETIES 


Variety DF wk wp wt kp kt pt 
Apex 19 +.82 — .68 —.59 —.75 —.77 
Marquis 19 +.78 — ASt —.57 — .46t — A3t +.43+ 
Regent 19 +.82 — .58 — .26* — .62 —.52¢ | +.71 
Renown 19 +.85 — .62 — .64 — .63 —.61 +.67 
Reward 19 +.93 — .04* — A9t — .09* — .47f +.30* 
Thatcher 19 +.87 —.75 —.76 —.64 —.77 +.71 


* Not significant at 5% level. f Not significant at 1% level. 


of these characters on thiamin. In Table VI, it will be observed that 
many of the partial correlations are not significant, although those 
for Regent are significant or approach significance in 6 out of 9 cases. 
Thus for Regent, thiamin and protein are correlated when the effects 
of kernel weight and weight per bushel are eliminated. This fol- 
lows through for thiamin and protein when kernel weight is elimi- 
nated and when bushel weight is eliminated. The district correlations 
for all varieties combined yielded significant partial correlations for 
thiamin and kernel weight and thiamin and bushel weight when the 
effects of protein were eliminated. The multiple correlations are 
significant in all but five of the various combinations and in these 
latter cases the correlations approached significance. In general, it 
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may be stated that the thiamin content was influenced by the same 
factors that influenced protein, kernel weight, and bushel weight. 
Approximately 60 per cent of the variability in the wheat was 
accounted for by its association with protein, kernel weight, and 
bushel weight, with protein and kernel weight, with protein and 
bushel weight, and with kernel weight and bushel weight. On this 
basis one would expect that when wheat is high in protein and low 


TABLE VI 


PARTIAL AND MULTIPLE CORRELATIONS FOR 21 District SAMPLES OF EACH VARIETY 
AND FOR 21 District ToTaALs FOR ALL 6 VARIETIES COMBINED 


Apex | Marquis | Regent] Renown | Reward | Thatcher eo 5% pt 


PARTIAL CORRELATIONS 


+.68| +.43 | +.32 | +.37 

‘ —.05 | +.03 | —.46 
—.23 | —.24 | —.08 
+.46 | +.29 | +.45 
—.32 | —46 | —.58 
+.46 | +.32 | +.34 
—.38 | —.51 | —.48 
—.16 | —.07 | —.35 
—.29 | —.19 | —.28 


LTIPLE CORRELATIONS 


Rt.pkw | +.81 +.73 
Rt.pk | +.65 ‘ d +.71 
Rt.pw | +.49 ‘ +.73 
Rt.kw | +.78 +.65 


in kernel weight and bushel weight, the thiamin content is higher than 
when wheat is low in protein and high in kernel and bushel weight. 

Jackson and Whiteside (1942) reported that the thiamin in wheat 
is largely concentrated in that part of the kernel containing the germ, 
and they and others have shown that commercial bran and shorts are 
much richer in thiamin than white flour. Therefore, it is logical to 
assume that plump wheat would be lower in thiamin than less plump 
wheat, as the relationship of the pericarp and germ to floury endosperm 
would be greater in the latter case. Since protein was negatively 
correlated with weight per bushel and weight per thousand kernels, 
then high thiamin would follow high protein. 


Experimental Station Samples 


Samples of six varieties grown at the same five stations for two 
years were analyzed for thiamin content and the data are presented 


| 

: 

| | | 

| +.34| +.25 +.43 | .60 69 

Ttk.pw —.51 +.07 —.26 .60 .69 

| +.18| —.33 -.07 | 60 | .69 

Ttp.k +.31} +.29 +.46 53 .63 

| —-52| —.29 —.57 | .53 | .63 : 

| +.49| +.24 +.42 53 | .63 

Ttw.p —.52| —.46 —.52 53 .63 
Ttk.w —.62| +.04 —.25 53 .63 

rew.k | +-11| —.40 —19 | 53 | .63 

+.57 | +.82 | +.81 | .60 | .69 : 

+.53 | +.82 | +.81 | .53 | .63 : 

+.57 +.79 +.79 53 .63 

| +.50 | +.79 | +.76| 53 | .63 
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in Table VII. This arrangement allowed for a further set of statistical 
analyses which yielded additional information respecting the variability 
to be found in thiamin values over a period of two years. Variance 
analyses are presented in Table VIII, from which certain inferences 
may be made. 


TABLE VII 


THIAMIN CONTENT FOR SAMPLES OF SIX WHEAT VARIETIES GROWN AT 
Five EXPERIMENTAL STATIONS IN 1940 AND 1941 


Varieties | Year Rosthern| Scott | Melfort Olds Edmonton os od 
IU per pound 
Garnet 1940 535 585 517 565 525 545 
1941 695 815 680 640 660 698 


Mean 615 700 599 603 593 622 
Marquis 1940 715 665 610 687 640 663 
1941 612 695 640 622 666 647 
Mean 664 680 653 


Red Bobs 1940 700 695 631 785 675 697 
1941 811 734 700 666 748 732 
Mean 756 715 712 


Regent 1940 806 870 870 735 765 809 
1941 813 883 861 825 798 836 
Mean 810 877 866 780 782 823 


Reward 1940 840 840 711 765 712 774 
1941 852 855 700 756 737 780 
Mean 846 848 725 


1940 690 611 630 
1941 767 675 668 640 636 677 
Mean 729 643 664 678 633 659 


1940 714 711 658 
1941 758 776 708 692 708 728 
1940,1941| 736 744 687 692 683 708 


Thatcher 


Mean for stations 


Significant differences, as shown by the F values exceeding the 
5% point or 1% point levels of significance, corroborated the larger 
series of tests in that some of the varieties could be depended upon 
to give higher thiamin values than others. This is found to be true 
regardless of the interaction effect of varieties and stations and of 
varieties and years. In the first place, as determined through the 
interaction effects of varieties X stations X years, some varieties were 
shown to be consistently higher for some stations for some years. 
In the second place, as determined from the interaction effects of 
varieties and stations, some varieties were higher in thiamin than the 
others in these places for both years, and, in the third place, as shown 
by the interaction effects of varieties and years, some varieties were 
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TABLE VIII 


STATISTICAL SIGNIFICANCE OF THIAMIN FOR SIX VARIETIES OF WHEAT 
GROWN AT FIVE STATIONS IN 1940 AND 1941 


A. G. O. WHITESIDE AND S. H. JACKSON 


higher in thiamin than the others on the average at all stations. 
necessary differences are 33.88, 45.97, and 82.96 IU per pound, re- 
Using any of these figures for significance, Regent at 
823 IU per pound is significantly higher than Thatcher at 659 IU 
per pound. The results indicate that varieties differ in thiamin 
content and that this difference was consistent for different stations 
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The 


Varieties 305,251.54 5 61,050.31 - 
Stations 40,816.17 4 10,204.04 — 
Years 24,000.00 1 24,000.00 — 
Varieties X stations 52,825.63 20 2,641.28 51.39 
Varieties X years 43,020.20 5 8,604.04 92.76 
Stations X years 7,157.50 4 1,789.38 42.30 
Varieties X stations X years 28,700.30 20 1,435.02 37.88 
Total 501,771.34 59 — — 


F VALUES, 5% PT, AND 1% pt 


Varieties X stations 
X years 


| Varieties X stations 


Varieties X years 


\F value| 5% pt | 1% pt 


F value| 5% pt | 1% pt 


F value] 5% pt 


1% pt 


Between varieties 
Between districts 
Between years 


42.54 2.71 | 4.10 

7.11 | 2.87 | 4.43 
| 16.72 | 4.35 | 8.10 
| 


23.11] 2.71 | 4.10 
3.86 | 2.87 | 4.43 
2.79 | 6.61 | 16.26 


7.10 | 5.05 
5.70 | 6.39 
13.41} 7.71 


10.97 
15.98 
21.20 


STANDARD ERRORS AND NECESSARY DIFFERENCES FOR THIAMIN 


IN IU PER LB 


Varieties X stations 
X years 


Varieties X stations 


Varieties X years 


SE ND 


Mean of a variety 
Mean of a station 
Mean of a year 


11.98 33.88 
10.94 30.93 
4.89 13.83 


SE ND 
16.25 45.97 
14.84 41.96 

Not sig | Not sig 


82.96 


29.33 
Not sig | Not sig 
5.46 15.45 


and over a period of two years. 
for thiamin content in wheat varieties is a possibility. 

In general, it was demonstrated that some stations can be depended 
upon to give higher thiamin values than others. 
be true regardless of interaction effects of varieties X stations X years, 
and of varieties X stations, but it did not hold true regardless of 
interaction effects of stations X years only. 
in these years some stations could not be relied upon to be higher in 


This would indicate that the breeding 


This was found to 


This would mean that 
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thiamin for most varieties. More years of test would be necessary 
to prove or disprove this point. 

For years it was shown that significant differences did occur, indi- 
cating that the thiamin content will vary from year to year. 


Summary 

A statistical study was made of the thiamin content of samples of 
Canadian hard red spring wheat representing leading varieties grown 
at many locations in Manitoba, Saskatchewan, and in Alberta for the 
crop years 1940 and 1941. For the 1940 crop a large series of tests 
on composites were made, representing 1,167 original samples. For 
this series, thiamin values for 21 different crop districts are given. 
In the second group samples from five experimental stations for the 
two years are compared. 

For the varieties tested significant differences were shown to exist 
between varieties. Regent, Renown, and Reward may be expected 
to be higher in thiamin than Red Bobs, Thatcher, Marquis and 
Garnet. Ina comparison of Regent with Thatcher for 1939 and 1940, 
representing samples drawn from 158 places in the three Prairie 
Provinces in 1939 and 163 places in 1940, the former variety averaged 
829 and the latter 707 IU per pound. The varieties arranged them- 
selves in the same order for both years. In a comparison of six 
varieties grown at five stations over a two-year period, the difference 
between varieties was found to be consistent for different stations and 
over a period of two years. 

Environment was shown to influence the level of thiamin to be 
expected for wheat from different locations in the same year. These 
differences were measured by statistical analysis. For the large series 
of the 1940 crop, 75 IU per pound was found to be necessary to show 
a difference between the mean of any two districts. On this basis 
the thiamin values were fairly uniform in that year over the three 
provinces. In a comparison of samples from five experimental 
stations for 1940 and 1941, the difference between years was found to 
be significant. 

The thiamin content of wheat appears to be associated with the 
development of the wheat kernel, as negative correlations were 
obtained between thiamin and test weight per bushel and between 
thiamin and weight per 1,000 kernels. Positive correlations were 
obtained between thiamin and protein. It was calculated that 
approximately 60% of the variability in thiamin was accounted for 
by its association with protein, kernel weight, and bushel weight; 
with protein and kernel weight; with protein and bushel weight; and 
with kernel weight and bushel weight. The use of any one of these 
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characters for predicting thiamin content in wheat varieties would 
appear to be limited. 
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THE RECOVERY OF THE B VITAMINS IN THE 
MILLING OF WHEAT 


S. H. Jackson, A. DoHERTY, and V. MALONE 


Department of Paediatrics, University of Toronto, and Hospital 
for Sick Children, Toronto, Canada 


Wheat is a valuable source of thiamin and niacin, and it supplies 
significant amounts of riboflavin to the average diet. Hence a knowl- 
edge of the routes followed by these vitamins during the milling of 
wheat is of prime importance. Jackson and Whiteside (1942) have 
published results on the thiamin concentration to be found in the 
various streams of a typical flour mill. Thomas, Bina, and Brown 
(1942) have reported data on the niacin concentration and the per- 
centage of the total niacin of the wheat appearing in the various grades 
of flour and the offals. Andrews, Boyd, and Terry (1942) reported 
similar information regarding riboflavin. Andrews, Boyd, and Gortner 
(1942) have published a graph in which they plotted the percentage 
of the total thiamin, riboflavin, and niacin to be found in various 
flours, against the percentage extraction of the flour. The following 
investigation extends this information by reporting the percentage of 
the total thiamin, riboflavin, and niacin in all the mill-streams of a 
typical flour mill. 

Experimental 


Samples of all the flour streams and mill feeds were supplied by a 
large Canadian flour mill which was milling a hard western Canadian 
wheat at the time of collection. A sample of the wheat was also sup- 
plied along with data on the percentage of the wheat which appeared 
in each of the streams. These data made it possible to calculate the 
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percentage of the vitamins of the wheat in each stream. Assays for 
thiamin, riboflavin, and niacin were carried out on all the samples. 

Thiamin was assayed by the thiochrome method of Hennessy and 
Cerecedo (1939) as modified later by Hennessy (1941) and the Re- 
search Corporation Committee on the Thiochrome Assay. 

Riboflavin was assayed by the microbiological method of Snell and 
Strong (1939). The extraction method was modified to provide com- 
plete solution of the riboflavin and to eliminate certain interfering 
substances peculiar to cereals. The method of extraction used corre- 
sponded closely to that published by Strong and Carpenter (1942) as 
their Procedure 2. An aliquot of the sample under test was weighed 
out accurately and mixed with 50 ml of 0.1N HCl. The mixture, 
after steaming for about 30 minutes with occasional shaking to break 
up any lumps, was autoclaved for 30 minutes at 15 pounds of steam 
pressure. After cooling under the tap to at least room temperature, 
or even colder, 1 ml of 2.5M sodium acetate solution was added, fol- 
lowed by 5 ml of 0.5N sodium hydroxide. At this point the pH was 
between 4.0 and 5.0 and there was a heavy precipitate. This precipi- 
tate was removed by centrifuging or filtering or both and appeared to 
carry down the interfering material. The precipitate was re-extracted 
by autoclaving with 50 ml of water for 30 minutes at 15 pounds of 
pressure. It was cooled again, filtered or centrifuged, and the second 
extract added to the first. The precipitate was washed several times 
with small amounts of water, the combined washings and extracts ad- 
justed to pH 6.8, and diluted to 200 ml. This extract was assayed by 
the method of Snell and Strong (1939). A glass electrode titration 
set-up was used with a distinct improvement in accuracy and con- 
venience over the dye indicator method. 

The niacin was assayed by the microbiological method of Snell and 
Wright (1941) with slight modification. The amount of tryptophan 
was reduced to half the level recommended and the thiamin, pyridoxine, 
and calcium pantothenate were doubled. The casein hydrolysate, 
cystine, guanine, adenine, and uracil were all prepared in a single 
solution of such concentration that 10 ml was required for 50 ml of 
the basal medium. 

The preparation of the samples for niacin assay involved extraction 
with dilute acid followed by a mild alkaline hydrolysis. The increase 
in the apparent niacin of cereal extracts after alkaline hydrolysis has 
been reported by several investigators (Snell and Wright, 1941; Oser, 
Melnick, and Siegel, 1941; and Andrews, Boyd, and Gortner, 1942). 
It is not known as yet whether this extra niacin liberated by alkaline 
hydrolysis is nutritionally available. As it is very readily liberated 
(the action of dilute alkali at room temperature for a few minutes 
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gives almost quantitative hydrolysis), we have assumed that this 
fraction of the niacin is available, and the results accordingly represent 
the total niacin in the sample. The extra niacin liberated by the 
action of the alkali amounted to about 25% of the total value in the 
whole wheat. It was not determined in the other samples. 

A sample was weighed out, mixed with 25 ml of 0.1N HCl, auto- 
claved for 1 hour at 15 pounds of steam pressure, cooled, and neutral- 
ized to pH 4.5 with 0.5 ml of 2.5M sodium acetate and 2.5 ml of 0.5N 
sodium hydroxide. After diluting the mixture to 50 ml, it was 
centrifuged, followed by filtration if necessary. A suitable aliquot of 
this extract (5 to 20 ml) was diluted to about 20 ml with water and 
made alkaline by the addition of 0.25 ml of 40% NaOH. It was 
heated to boiling, allowed to cool to room temperature, and the pH 
adjusted to 6.8 with concentrated HCl, the final adjustment being 
made with dilute solutions of HCl and NaOH. After dilution to 
100 ml, this extract was assayed by the method of Snell and Wright 
(1941). 


Results 
Table I gives the amounts of thiamin, riboflavin, and niacin found 


in the various mill feeds and flours constituting all of the original 
wheat. The total recoveries should be 100% and the variation from 


TABLE I 


CONCENTRATIONS AND PERCENTAGE RECOVERIES OF THE B VITAMINS IN THE MILL 
FEEDS AND FLouR Composites ComposinG 100% or THE WHEAT 


Concentration Vitamin of wheat 
Per- of vitamin in stream 
Mill stream cent in Ash 
stream 
% ug/g % % % % 
Wheat 100 4.52| 1.24 | 56.5/ 100 100 100 
Feed middlings 2.64} 20.8 | 3.02 95.0} 12.1 6.45 4.45); — 
Shorts 11.7 | 15.15 | 2.48 | 140.0} 39.8 23.4 29.0 
Bran 11.7 6.98| 2.38 | 232.0| 18.1 22.3 48.0 — 
Germ 0.27 | 21.3 | 4.53 68.0 1.25 0.97 0.32; — 
First patent flour 37.0 | 0.81] 0.67 | 10.3 6.63} 20.0 6.75 | 0.36 
First baker’s flour 25.8 1.21} 0.54 17.6 6.9 11.2 8.0 | 0.48 
Second baker’s flour 7.4 2.44| 0.76 | 25.3 4.0 4.55 3.32 | 0.67 
Low-grade flour 3.7 | 8.15] 1.05 | 41.5} 6.66} 3.13| 2.72] 1.16 
100.21; — 95.44| 92.00} 102.56) — 


this amount is due to the experimental error of the various assay 
methods. The highest concentration of thiamin was found in the 
germ and feed middlings fractions, while the bran was the lowest of 
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the mill feeds, even lower than the low-grade flour. There was a large 
variation in the concentration of thiamin in the different fractions of 
the wheat. The thiamin in the germ was 46 times as concentrated as 
it was in the lowest stream (the first middlings flour, Table II). The 
shorts contained more of the total thiamin in the wheat than any other 
single fraction, while approximately one-quarter of the thiamin ap- 
peared in all the flour combined. 


TABLE II 


CONCENTRATIONS AND PERCENTAGE RECOVERIES OF THE B VITAMINS IN THE 
STREAMS COMPOSING THE FIRST PATENT FLOUR 


Concentration Vitamin of wheat 
of vitamin in stream 


Mill stream 
Ribo- | Niacin ia- | Ribo- | Niacin 
flavin i flavin 
% 
4.5 
4.25 
0.406 
1.31 
1.58 
1.18 
0.173 


0.59 
0.55 
0.54 
0.55 
0.55 
0.53 
0.53 
0.58 


Second midds flour 
First midds flour 
Third midds flour 
Fine sizings flour 
Third midds rebolt 
Second midds rebolt 
Fourth midds rebolt 
Second tails flour 


OS 
mr 

QD D 00 Co G0 


The riboflavin was much more evenly distributed throughout the 
kernel than the thiamin. In the germ fraction, where it was most 
concentrated, it was only 8.5 times the concentration in the lowest 
stream. Again the shorts contained more of the total riboflavin than 
any single fraction, but the total combined flours contained 40% of the 
riboflavin as compared to 25% of the thiamin. ; 

The variation of the niacin concentration in the different fractions 
was not quite so great as that of the thiamin, but considerably more 
than that of the riboflavin. The bran stream contained the highest 
concentration. This was 26 times the lowest concentration, which 
was found in the second middlings flour. The outstanding feature is 
the fact that the niacin was largely concentrated in the bran. This 
fraction contained nearly half the total niacin of the wheat. The 
germ stream contained a concentration of niacin that was not much 
greater than that of the original whole wheat. This germ fraction 
contained a considerable proportion of bran. A sample of pure germ, 
entirely free of bran, was separated out by hand and assayed for 
niacin. It contained 42 ug of niacin per gram, or about the same as 
the low grade flour. The combined flour streams contained a total of 
approximately one-fifth of the niacin. The concentration of thiamin 


Ash 
37 
| 35 
42 
47 
42 
43 
44 
1.06 
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in the second baker’s flour was approximately three times that in the 
first patent flour. The concentration of niacin increased at a similar 
rate, the second baker’s flour having about 2% times the concentration 
of niacin of the first patent flour. The similarity vanishes as we 
progress to the low-grade flour. This had a concentration of thiamin 
equal to nearly 10 times that of the first patent flour, while the niacin 
concentration of the low-grade flour was 4 times that of the first patent. 
This finding agrees with that of Andrews, Boyd, and Gortner (1942), 


TABLE III 


CONCENTRATIONS AND PERCENTAGE RECOVERIES OF THE B VITAMINS IN THE 
STREAMS COMPOSING THE FIRST BAKER’S FLOUR 


Concentration Vitamin of wheat 
Per- of vitamin in stream 
Mill stream — in Ash 
Ta | | Tie | |i 
% ug/g ug/g ug/e % % % % 

Fourth midds scalp 0.7 1.11 | 0.54 | 16.0 |} 0.18 | 0.322/0.21 | 0.49 
Coarse sizings 0.55 | 1.29 | 0.54 | 14.0 |0.155/0.24 | 0.135] .48 
Third sizings flour 2.22 | 0.96 | 0.55 | 16.0 | 0.47 | 0.985 | 0.63 47 
Fifth midds flour 5.16 | 1.26 | 0.60 | 15.0 | 1.44 | 2.50 | 1.37 44 
Fourth midds flour 5.91 1.05 | 0.52 | 16.0 | 1.37 | 2.48 | 1.68 46 
Fifth midds rebolt 2.96 | 1.62 | 0.55 | 10.5 | 1.06 | 1.31 | 0.55 36 
Sixth midds flour 4.44 | 1.93 | 0.58 | 13.5 | 1.89 | 2.07 | 1.06 52 
Fine tailings reel 0.74 | 1.44 | 0.55 | 14.5 | 0.235 | 0.328) 0.19 55 
Fine tailings bolter 0.925 | 1.67 | 0.62 | 15.0 | 0.34 |0.46 | 0.245) .55 
Suction flour 0.925 | 1.32 | 0.70 | 15.0 |0.28 |0.52 | 0.245] .64 
First break flour. 0.37 | 0.55 | 0.66 | 22.5 | 0.045 | 0.197) 0.145} .59 
Second break flour 0.37 | 0.51 | 0.66 | 19.8 | 0.04 | 0.197) 0.13 49 
Third break flour 0.37 | 0.77 | 0.60 | 16.4 | 0.065 |0.179|0.105;} .52 
Fourth break flour 0.185 |} 1.83 | 0.77 | 19.3 | 0.075} 0.115|0.065| .75 


who plotted the % recovery of thiamin, riboflavin, and niacin in flours 
of various extractions against the percent extraction of the flours. 
There was a sharp increase in the thiamin between 70% and 80% 
extraction, while the rate of increase in niacin remained more gradual 
until the extraction reached 85% or more, and a considerable per- 
centage of bran was appearing in the flour. 

Tables II, III, IV, and V record the amounts of thiamin, riboflavin, 
and niacin in the individual flour streams composited in the first 
patent, first baker’s, second baker’s, and low-grade flours, respectively. 
These values are of general interest to millers and a study of their 
relations to each other yields further information. The break flours 
were relatively low in thiamin but high in niacin. There was an 
average ratio of the percentage recovery of niacin to thiamin of 1.99 
in the break flours and of 0.88 in the middlings flours. This charac- 
teristic of high ratio of niacin to thiamin in the break flours can be 
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TABLE IV 


CONCENTRATIONS AND PERCENTAGE RECOVERIES OF THE B VITAMINS IN THE 
STREAMS COMPOSING THE SECOND BAKER’S FLOUR 


Concentration Vitamin of wheat 
of vitamin in stream 


Mill stream 


Ribo- 
flavin 


Thia- 
min Niacin Niacin 


ue/e % % 
Fourth break rebolt 1.51 , 29.0 0.246 | 0.285 
Seventh midds flour : 3.7 ! 27.6 0.715 | 0.725 
Sixth midds rebolt 18.5 1.34 | 0.73 
Third tailings flour 19.2 0.25 | 0.19 
Germ flour ‘ 16.0 0.084 | 0.05 
First tailings flour 3. . 28.0 0.402 | 0.275 
Break sifts reel E é 17.5 1.1 0.575 


CONCENTRATIONS AND PERCENTAGE RECOVERIES OF THE B VITAMINS IN THE 
STREAMS COMPOSING THE Low-GRADE FLOUR 


| 
Concentration Vitamin of wheat 
of vitamin in stream 


Mill stream 


Ribo- 
flavin 


Thia- | Ribo- 


min | flavin Niacin 


% % 


Second low grade 0.925 | 13.45 | 0.92 i ; 0.685 
Fifth break flour 0.555} 3.15| 1.01 : 0.452 
First low grade 1.11 | 13.4 | 0.76 | 35.0 | 3.: 0.68 

Bran and shorts duster 1.11 3.60} 1.11 f y 0.995 


explained by the inclusion of some bran dust in these streams, since 
the bran would add considerable niacin but little thiamin. 

Table VI gives the concentrations of the vitamins in the streams 
related to the production of Vi-Bim. Vi-Bim is a special high-thiamin 
product that is used for addition to white flour to raise its thiamin 


TABLE VI 
Tue B VITAMINS IN “Vi-BIm"! AND Its COMPONENT STREAMS 


Stream Thiamin Riboflavin Niacin 


Vi-Bim 23.7 3.01 110.0 
Overs, Vi-Bim sifters 25.3 3.17 114.0 
First scalp tailings 25.0 3.06 101.0 
Tail red dog reel 15.1 3.03 110.0 
Shorts from duster 22.1 2.97 100.0 
Shorts from graders 11.5 3.11 188.0 


1 Vi-Bim is a special high-thiamin-content concentrate used for addition to white flour to increase 
the thiamin content to the level required for ‘‘Canada Approved” flour. It is made by regrinding and 
sifting the component streams. 
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TABLE V 
stream | | 
0.655 | 1.50 
10.395 | 1.27 
0.69 1.08 
| 1.02 | 1.35 
| | | | | 
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content to the level required for ‘‘White Flour, Canada Approved.” 
This level is set at 2.4 to 2.65 ug per gram. Vi-Bim is produced by 
further grinding and sifting of the first scalp tailings, the tailings from 
the red dog reels, and the shorts from the dusters and the graders. 
The concentration of riboflavin is nearly the same in the various 
streams. The concentration of thiamin in the shorts from the graders 
is the lowest, whereas the concentration of niacin in this stream is 
the highest. The addition of sufficient Vi-Bim to the first baker’s 
flour to increase the thiamin to 2.5 wg per gram, an increase of 106%, 
will raise the niacin content of the flour by 34% and the riboflavin 
content by 30%. 


Conclusions 


The fact that nearly half the total niacin of the wheat appears in 
the bran stream leads to the conclusion that the niacin of the wheat 
kernel must be largely contained in the branny layers. The data also 
show that the site of the highest concentration of niacin in the wheat 
kernel is quite different from the site of the thiamin. The concentra- 
tion of niacin in each of the four offal streams varies inversely as the 
concentration of thiamin. That is, the bran stream is highest in 
niacin and lowest in thiamin, while the germ is the reverse. The 
shorts and feed middlings lie between in each case but the inverse 
variation holds with them also. 

The exact site of the maximum thiamin concentration in the wheat 
kernel cannot be placed on the basis of this evidence. We can say 
that it is not in the bran layers. It appears to be in a lighter-colored 
portion of the wheat, because fractions containing a high concentration 
of thiamin may be only a light gray in color. Vi-Bim conforms to this 
description, while the low-grade flour itself is higher in thiamin than 
the bran and is very much lighter in color. A previous report by 
Jackson and Whiteside (1942) placed 80% of the thiamin in that 
third of the wheat kernel containing the germ. 

Some dissections carried out on a sample of soft Ontario winter 
wheat place the thiamin of the wheat kernel more accurately. A soft 
wheat was chosen as it was easier to dissect than a hard wheat. 
A sample of large, well filled kernels was carefully selected and a 
portion assayed directly for thiamin. A second portion was weighed 
and the easily removable part of the germ (consisting largely of 
embryo) was dissected out and discarded. The wheat remaining was 
weighed and found to constitute 98% of the whole wheat. It was then 
assayed for thiamin. 

A third sample of wheat was weighed out and the entire germ, 
comprising both the embryo and the scutellum, was carefully dissected 
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out down to the floury endosperm cells and discarded. Care was 
taken to remove as few of the epidermal and aleuron cells adjacent to 
the germ as possible. The part of the wheat remaining was found to 
constitute 93.2% of the whole wheat. It was also assayed for thiamin. 

Finally a fourth sample of wheat was weighed out and about a 
quarter of each kernel, comprising the entire germ and all adjacent 
bran and endosperm cells, was cut off and discarded. The remainder 
of the wheat, constituting 73% of the whole wheat, was assayed for 
thiamin. 

The following results were obtained. The whole wheat contained 
3.56 wg of thiamin per gram. The wheat with the embryo removed 
contained 3.2 ug per gram of the sample assayed, or 3.14 ug per gram 
of the original wheat. The wheat with the embryo and scutellum re- 
moved contained 1.11 wg per gram of the sample, or 1.035 ug per gram 
of the original wheat; and the wheat with the entire germ end removed 
contained 1.11 wg per gram of the sample, or 0.81 wg per gram of the 
whole wheat. It was calculated from this that the embryo contained 
21 wg of thiamin per gram (corresponding closely to that reported for 
the germ in Table I), and carried 11.8% of the thiamin of the wheat. 
The scutellum was found to contain 44 yg of thiamin per gram and 
carried 59% of the total thiamin in the wheat. The bran and endo- 
sperm cells adjacent to the germ were found to contain only 1.12 yg of 
thiamin per gram. The entire wheat kernel other than the embryo 
and scutellum (93.2% of the wheat) contained only 30% of the thiamin. 
This bears out in general the finding recently reported in England by 
Hinton (1942). He found the scutellum to contain about 40 yg of 
thiamin per gram but reports a value of only 4 wg per gram of the 
embryo. The divergence in values found for the embryo probably 
depends on the accuracy of the dissection. In this case the part 
dissected out as embryo comprised 2% of the wheat and may have 
carried some of the scutellum with it. Hinton found the embryo to 
comprise 1.2% of the wheat. 

The riboflavin appears to be more evenly distributed throughout 
the kernel, the floury endosperm containing a fair proportion of the 
total riboflavin in the wheat while all the offal streams combined 
contain only a little more than half of this vitamin. 

Increase of the thiamin in flour by variation of the milling process 
is not necessarily accompanied by a like increase of the riboflavin and 
niacin. The riboflavin would not be materially increased because 
there is no single part of the wheat kernel which contains most of the 
riboflavin and which could be incorporated in the flour by a suitable 
milling procedure. The niacin cannot be materially increased, be- 
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cause it is contained largely in the outer bran layers of the kernel and 
these must be discarded if the flour is to be generally acceptable. 


Summary 

Samples of all the flour and feed streams of a large Canadian flour 
mill were assayed for thiamin, riboflavin, and niacin. The proportion 
of the total vitamin of the wheat that appeared in each of the streams 
and in the flour composites was calculated. The niacin appeared 
largely in the outer bran layer of the wheat kernel. Dissection experi- 
ments showed the thiamin to be largely concentrated in the scutellum 
portion of the wheat germ. The riboflavin was found to be more 
evenly distributed than the thiamin or niacin. 
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In the past few years, efforts to incorporate the vitamin-rich by- 
products of rice milling into the human diet have aroused a great deal 
of interest. The present study was undertaken in the fall of 1941 in 
an attempt to meet the increasing need for a comprehensive survey of 
the B-complex vitamin content of rice and its milled products. The 
survey has included thiamine, nicotinic acid, pantothenic acid, pyri- 
doxine, riboflavin, biotin, and inositol. In the present report, data 
on the first four of the vitamins named have been summarized. 

While to the authors’ knowledge no such comprehensive study has 
been made of rice products, some analyses with regard to several of 
the vitamins have been made on various kinds of rice samples. Nelson 
and Palmer (1942) investigated the thiamine, riboflavin, nicotinic acid, 
and pantothenic acid content of wild rice, and Kik (1943) studied the 
thiamine content of milled fractions and varieties of rice. Innumerable 
studies have been made on the thiamine content of Indian rices. Data 
on pyridoxine, biotin, and inositol for a group of samples such as 
analyzed here have not been available. 


Experimental 


During the height of the 1942-43 milling season, one hundred 
samples were collected from 13 Louisiana mills and one Arkansas mill. 
The collection of samples from many mills rather than one mill was 
held desirable in order to obtain data representative of milled samples 
in general. Samples of rice were collected during the milling season of 
1941-42, but the results of analyses were used for comparison only. 
The samples were divided into two main groups: (1) samples of brown 
rice of six outstanding Louisiana varieties (Blue Rose, Fortuna, Early 
Prolific, Nira, Rexora, and American Pearl) collected for the purpose 
of studying differences among varieties, and (2) samples of milled 
fractions of three typical varieties (Blue Rose, Early Prolific, and 
Fortuna) for the purpose of studying differences in vitamin content of 
the different milled fractions. 

These milled fractions consist of the products obtained through the 
different operations in the milling process, as more and more of the 
outer coats of the rice grain are removed and as the rice progresses 
560 
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from the original rough state to the finished product. In Louisiana, 
the fractions usually consist of: (1) brown rice, (2) first-break rice, 
(3) second-break rice, (4) brushed rice, and (5) finished rice. The 
by-products of the milling process are rice polish and rice bran, which 
may also be considered milled fractions and consist of the removed 
outer coats of the grain. The samples were analyzed by the following 
procedures: 


Thiamine: An adaptation of the Hennessy and Cerecedo (1939) method for the 
determination of thiamine, as prepared by the Research Corporation Committee on the 
Thiochrome Method, was used. This method was followed in detail, except that the 
isobutanol was reclaimed by agitation with activated charcoal and filtration according 
to the method of Pader (1943). 

Pantothenic acid: The microbiological method of Pennington, Snell, and Williams 
(1940) was followed. It was Semel thane autoclaving the samples with 75 ml of water 
at 15 pounds of pressure for 15 minutes and adjusting to an appropriate volume 
yielded the best results. 

Nicotinic acid: The microbiological method of Snell and Wright (1941) was 
employed. Samples of rice polish and rice bran were hydrolyzed in 0.1N alkali at 15 
pounds of pressure for 15 minutes, cooled, neutralized, and made up to an appropriate 
volume. Brown rice and milled fractions were autoclaved in water solution and 
subsequently treated like the bran and polish. 

Pyridoxine: The Bird, Vandenbelt, and Emmett adaptation of the Scudi colori- 
metric method (1941) wasused. The samples were extracted as for thiamine. It was 
found that more consistent readings were obtained (1) by taking readings 40 minutes 
after the dye solution had been added and (2) by drying the butanol phase with 
anhydrous sodium sulfate before making the readings, in accord with Scudi (1941). 


Conclusions 


With reference to the influence of variety and milling, two con- 
clusions were drawn. 


TABLE I 
COMPARISON OF THE VITAMIN CONTENT OF SEVERAL VARIETIES OF BROWN RICE! 


Vitamin content 


Variety 
Nicotinic Pantothenic 


acid Pyridoxine 


Thiamine 


ug per gram of dry weight 
Blue Rose . i 16.5 
Early Prolific 15.9 
Nira 3 17.3 
Rexora 15.4 
American Pearl 14.6 
Fortuna 18.6 


Composite average 16.4 


1 All figures represent averages of a number of samples. 


No significant differences in the vitamin content of the different 
varieties were demonstrated. Some slight differences, however, were 
apparent, if one compared the individual varieties with average values. 
The long-grain rices, such as Nira and Fortuna, were highest in vitamin 
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content. The Rexora and Blue Rose occupied an intermediate posi- 
tion, and the shorter-grained varieties, Early Prolific and American 
Pearl, were lowest. This finding seemed reasonable, since in general 
the surface area per volume of the grain and hence the area of the 
bran layers is greater in the longer-grain varieties. No sharp distinc- 
tions were noticeable, however, and the differences were small (Table I). 

With regard to the effect of milling, the vitamin content was 
found to decrease as the rice progressed through the successive states 
of milling (Table II). This finding was in accord with the generally 


TABLE II 


COMPARISON OF THE VITAMIN CONTENT OF THE MILLED FRACTIONS OF SEVERAL 
VARIETIES OF RIcE! 


Milled fractions 
Vitamin 
Brown | ist 2nd Brushed | Finished | Bran | Polish 
ug per gram of dry weight 
Thiamine Blue Rose 4.0 Be 1.2 0.9 0.8 26.9} 25.9 
Fortuna 4.4 1.6 0.9 0.5 0.6 26.6} 28.5 
Early Prolific 4.2 | 2.3 1.4 1.0 1.2 30.1} 15.6 
Average? 4.2 he 1.2 0.8 0.8 27.9| 23.3 
Nicotinic Blue Rose 49.3 | 23.7 | 18.2 13.7 12.3 | 403.6 | 403.1 
acid Fortuna 46.9 | 20.4 | 17.0 9.3 9.6 | 487.4 | 429.8 
Early Prolific 45.5 | 33.2 | 29.9 14.0 16.1 | 334.8 | 321.2 
Average? 47.2 | 25.8 | 21.7 | 12.3 12.7 | 408.6 | 384.7 
Pantothenic Blue Rose 16.5 8.1 7.5 7.0 6.5 65.9| 94.9 
acid Fortuna 18.6 8.6 7.7 6.1 6.3 81.3 | 110.6 
Early Prolific 15.9 | 10.5 8.0 9.6 6.5 66.8; 72.0 
Average? 17.0} 9.1 7.6 6.4 71.3] 92.5 
Pyridoxine Blue Rose 9.4 4.3 2.6 2.6 2.0 23.8} 29.1 
Fortuna 11.2 7.6 4.9 5.2 5.3 33.8} 31.2 
Early Prolific | 10.3 | 88 | 7.7 7.3 6.2 38.6; 32.1 
Average? 10.3 6.9 5.1 5.1 4.5 32.1| 30.8 


1 All figures represent averages of a number of samples. 
? Composite average. 


accepted fact that these members of the B-complex were located in 
the bran coats and germ of the rice grain. The greatest drop in 
vitamin content came with the first break, hence demonstrating the 
inadequacy of the oft-proposed idea of marketing an under-milled rice 
as a high source of B vitamins. 

The values obtained for thiamine, nicotinic acid, and pantothenic 
acid on the whole were in good agreement with those obtained by other 
workers. The values for the pyridoxine content of finished or polished 
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rice were in agreement with the findings of Swaminathan (1940), but 
the values for rice polish were much higher than those of the latter. 
Differences in methods of milling, amounts of broken rice and hulls 
in the polish, etc., might have been responsible for the disagreement. 
As one may readily see from the data, rice polish and rice bran are 
excellent sources of thiamine, nicotinic acid, pantothenic acid and 
pyridoxine. The brown rice, though lower, is yet a good source. 
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Reports have been made on the riboflavin content of wheat and 
corn (Conner and Straub, 1941; Andrews, Boyd, and Terry, 1941); rye 
and its milled products (Ihde and Schuette, 1941); and wild rice 
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(Nelson and Palmer, 1942). No such data have been published on 
cultivated rice. 

This investigation deals with the riboflavin content of products of 
commercial rice milling. In addition, a few samples of parboiled and 
undermilled rice have been tested. Also included are data og the 
thiamin and riboflavin contents of different rice varieties obtained in 
four different states—Arkansas, Louisiana, Texas, and California. 

The essential steps in milling, description of the main products and 
byproducts, the obtaining of samples, and the method for the analysis 
of thiamin were described in a previous publication (Kik, 1942). 


Experimental 


The samples were analyzed for riboflavin by a fluorometric method 
(Conner and Straub, 1941). The method, as used in the laboratory, 
is briefly stated as follows: Samples of 5-10 g (depending on vitamin 
content) are transferred to 200-ml amber-colored Pyrex Erlenmeyer 
flasks, suspended in 75 ml of 0.1N H.SO,, autoclaved in a pressure 
cooker for 20 minutes at 15 pounds pressure, cooled, adjusted to pH 4.0 
to 4.5 with 2N sodium acetate solution with brom cresol green as an 
outside indicator. In order to obtain a clear filtrate, 125 mg of takadi- 
astase is added, mixed and incubated at 50°C for 1 hour. After incu- 
bation the mixture is cooled, made up to 100 ml, and filtered in the 
dark. Thirty-milliliter aliquots of the clear extracts are used for the 
riboflavin determination, with florosil used as a means of absorption 
and pyridine-acetic acid as an eluting agent. A blank determination, 
containing reagents and takadiastase, was run simultaneously with 
the samples. 


Results 


Table I shows that rough rice contained an average of 0.67 ug per 
gram of riboflavin, while brown rice contained 0.53 yg, or less than 
rough rice. During the milling process considerable losses of riboflavin 
took place. Whole rice of Supreme Blue Rose variety (mill lot 551) 
had a riboflavin content of 0.47 wg per gram, which was reduced in 
milling to 0.28 ug per gram of head rice, which is sold for human con- 
sumption. There was a loss of 40.4%. In the second mill lot (606) 
of the same variety, 55.1% was lost. The other varieties and mill lots 
showed similar losses. Early Prolific lost 45.6% in mill lot 569 and 
47.0% in mill lot 663. Fortuna lost 59.0% and Lady Wright lost 
66.6%, while the loss in Improved Blue Rose amounted to 35.4%. 

The average loss of the seven mill lots was 50.0% of the riboflavin 
originally present in the whole brown rice. The average riboflavin 
content of the head rice was 0.26 ug per gram, and of the second head, 
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0.25 ug per gram. Screenings and brewer’s rice had an average ribo- 
flavin content of 0.34 and 0.36 ug per gram, respectively. 

Of the byproducts, rice hulls contained an average of 0.76 ug per 
gram. Rice bran and rice polish were found to be better sources of 
riboflavin than the main products. Rice bran (first break) contained 
an average of 2.68 wg per gram. Second-break bran contained less 


TABLE I 
RIBOFLAVIN CONTENT OF PRopUCTS OF COMMERCIAL RICE MILLING ! 


Variety? and mill lot 


Products Supreme Blue Early For- | Lady oan 
Rose Prolific tuna | Wright! Blue 
Rose 
551 606 569 663 635 768 778 
Paddy or rough rice 0.58 | 0.57 | 0.67 | 0.57 | 0.67 | 0.69 | 0.93 
From milling or bleaching 
process: 
Whole brown rice 0.47 | 0.49 | 0.57 | 0.49 | 0.66 | 0.57 | 0.48 
First break huller rice 0.22 | 0.20 | 0.38 | 0.26 | 0.26 | 0.28 | 0.28 
Second break huller rice 0.25 | 0.20 | 0.34 | 0.25 | 0.24 | 0.33 | 0.28 
Pearling cone rice 0.29 | 0.20 | 0.39 | 0.25 | —4 — | 0.34 
Brush rice 0.19 | 0.20 | 0.38 | 0.31 | 0.24 | 0.28 | 0.12 
Finished, clean, polished rice: 
Head rice 0.28 | 0.22 | 0.31 | 0.26 | 0.27 | 0.19 | 0.31 
Second head rice 0.22 | 0.26 | 0.38 | 0.24 | 0.26 | 0.22 | 0.20 
Screenings 0.38 | 0.25 | 0.41 | 0.30 | 0.32 | 0.38 | 0.31 
Brewers rice 0.40 | 0.32 | 0.49 | 0.38 | 0.40 | 0.25 | 0.38 
Rice byproducts: 
Hulls 0.66 | 0.82 | 0.95 | 0.64 | 0.62 | 0.93 | 0.71 
First break bran 3.33 | 2.63 | 2.66 | 2.05 | 3.30 | 2.80 | 2.00 
Second break bran 1.37 | 1.47 | 1.84 | 1.67 | 2.20 | 2.02 1.80 
Pearling cone polish 1.52 | 1.87 | 1.59 | 1.52 | —¢* | —*]| 1.62 
Brush polish 1.26 | 1.29 | 1.14 | 1.44 | 1.44 |] 1.60] 1.18 


1 Obtained from one mill, through the courtesy of the Walton Mill, Inc., Stuttgart, Arkansas. 

2 All varieties are from fields which were not fertilized and were irrigated by well water. 

3 Grown in Louisiana. 

‘ Pearling cones are not used in long grain varieties. 

(1.77 wg/g). Rice polish (pearling cone) had 1.62 ug/g, and brush 
polish 1.34 ug/g. Both brush and pearling cone polish contained less 
riboflavin than bran, which suggests that most of the riboflavin is 
present in the outer layers of the rice kernel. 

The results of assays of a few samples of parboiled and undermilled 
rice are shown in Table II, and indicate that the riboflavin content in 
milled parboiled rice is somewhat higher than in milled nonparboiled 
rice. A sample of milled parboiled rice of the Nira variety contained 
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0.47 wg per gram and a sample of milled nonparboiled rice of the same 
variety and mill lot contained 0.30 ug per gram. A sample of milled 
Indian parboiled rice contained 0.30 wg per gram, and a sample of 
milled parboiled California rice (Caloro variety) had 0.33 wg per gram, 
compared with an average of 0.26 wg for ordinary milled rice (Table I). 
However, more samples of parboiled rice must be analyzed in order 
to establish this point completely, and the influence of parboiling on 
riboflavin content deserves further investigation. 


TABLE II 


RIBOFLAVIN CONTENT OF MILLED PARBOILED AND MILLED NONPARBOILED RICE, 
AND MILLED AND UNDERMILLED RICE 


Variety Treatment ugle 
Nira! Milled, parboiled 0.47 
Caloro? Milled, parboiled 0.33 
Indian’ Milled, parboiled 0.30 
Nira! Milled, nonparboiled 0.30 
Lady Wright? Undermilled 0.28 
Lady Wright? Milled 0.19 
Supreme Blue Rose?* Undermilled 0.32 
Supreme Blue Rose’ Milled 0.25 


1 Obtained through the courtesy of Dr. C. R. Adair, Associate Agronomist, U. S. Department of 
Agriculture, Bureau of Plant Industry, Rice Branch Experiment Station, Stuttgart, Arkansas. 
on through the courtesy of the Rice Growers Association of California, Sacramento, 
he eee through the courtesy of the Arkansas Rice Growers Cooperative Association, Stuttgart, 

The riboflavin content of undermilled rice is higher than that of 
ordinary milled rice, which is evident from Table II. An undermilled 
sample of Supreme Blue Rose contained 0.32 ug per gram, compared 
with 0.25 wg for the sample of ordinary milled rice. 

Samples of rough rice or paddy, obtained from the state agricultural 
experiment stations of the main rice-producing states, Arkansas, 
Louisiana, Texas, and California, were analyzed for their thiamin and 
riboflavin content. These samples were from the following 18 varie- 
ties: Acadia, Caloro, Arkrose, Improved Blue Rose, Prelude, Lady 
Wright, Zenith, Arkansas X Fortuna, Early Prolific, Nira, Calady, 
Calady 40, Colusa, Supreme Blue Rose, Rexora, Fortuna, Japan, and 
Blue Rose. Ten varieties were obtained from Arkansas, 10 from 
Louisiana, 7 from Texas, and 5 from California. One variety (Early 
Prolific) was grown in all four states; Lady Wright, Nira, and Zenith 
were cultivated in three states; the remaining varieties in one or two 
states. The results of these assays are given in Table III. 

It is evident from these data that the thiamin content of rough rice 
is considerably higher than that of riboflavin; the average thiamin 
content of all varieties is 3.85 ug per gram compared with 0.59 ug of 
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TABLE III 


THIAMIN AND RIBOFLAVIN CONTENT OF Pappy or RouGH Rice (HARVEsT, 1941) 
FROM RICE VARIETIES FROM Four DIFFERENT STATES 


Variety and location Thiamin Riboflavin 

ug/g ugle 

Early Prolific SA! 4.20 0.64 
CL? 4.40 0.54 

BT? 4.00 0.61 

BC‘ 3.16 0.50 

Caloro SA 4.00 0.54 
ie B 4.00 0.76 

BC 2.87 0.66 

Arkrose SA 4.20 0.60 
cL 4.00 0.63 

Acadia SA 3.80 0.60 
Ci. 4.09 0.83 

Prelude SA 3.31 0.64 
3.75 0.66 

Supreme Blue Rose SA 3.55 0.57 
Improved Blue Rose CL 4.15 0.59 
Blue Rose BT 5.06 0.51 
BT 3.46 0.54 

BT 3.58 0.52 

Lady Wright SA 4.55 0.58 
Ci. 4.06 0.52 

BC 2.75 0.66 

Nira SA 4.63 0.62 
4.74 0.60 

BT 3.30 0.47 

BT 5.05 0.43 

Arkansas X Fortuna SA 4.63 0.62 
4.13 0.63 

Zenith SA 3.75 0.47 
3.63 0.64 

BT 4.00 0.52 

BT 0.68 

Japan BT 3.46 0.74 
BT 3.07 0.59 

Rexora BT 3.70 0.61 
BT 4.00 0.45 

Fortuna BT 3.58 0.44 
BT 4.26 0.45 

Calady BC 2.63 0.73 
Calady 40 BC 3.34 0.65 
Colusa BC 3.86 0.51 


1 From Rice Branch Experiment Station, Stuttgart, Arkansas. 

2 From Rice Branch Experiment Station, Crowley, Louisiana. 

2 From Rice Grading Service, American Rice Growers’ Cooperative Association, Beaumont, Texas. 
‘From Rice Experiment Station, Biggs, California. 
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riboflavin. The highest thiamin content (5.06) was found in a sample 
of Blue Rose grown in Texas, and the lowest (2.63) was from a sample 
of Calady from California. Riboflavin ranged from 0.43 to 0.83 ug per 
gram. These data indicate that rice varieties differ in thiamin and 
riboflavin content. 

The possible effect of locality on the thiamin and riboflavin content 
can be observed from the data of samples of the same varieties grown 
in different states. Early Prolific from four states showed similar 
thiamin content in Arkansas (4.20), Louisiana (4.40), and Texas (4.00). 
The same variety grown in California had a thiamin content of 3.16 ug 
per gram. Similar observations were made on thiamin and riboflavin 
content of the varieties Caloro, Lady Wright, and Nira. 


Summary 


The riboflavin content of products of commercial rice milling has 
been determined. 

An average of 50% of the riboflavin was lost during the milling 
process. 

Of the finished, clean products, the end product head rice (sold for 
human consumption) contained an average of 0.26 wg and second head 
0.25 we per gram of dry matter. Screenings and brewer’s rice con- 
tained 0.34 and 0.36 yg riboflavin, respectively. These differences are 
too small to be of any significance. 

Of the byproducts, hulls contained 0.76 yg, bran from 1.37 to 
3.33 ug per gram, and rice polish 1.14 to 1.87 wg per gram. 

Three different samples of milled parboiled rice (prepared in three 
different localities) contained 0.47, 0.33, and 0.30 ug of riboflavin per 
gram of dry material. 

Two different samples of undermilled rice contained 0.28 ug and 
0.32 ug, compared with 0.19 ug and 0.25 wg per gram in the milled rice. 

The average thiamin content of all varieties was 3.85 ug, compared 
with 0.59 ug of riboflavin. 

The thiamin and riboflavin content of rice differed with variety 
and locality. 
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THE INFLUENCE OF PROCESSING ON THE THIAMIN, 
RIBOFLAVIN, AND NIACIN CONTENT OF RICE! 


M. C. Krk and FLoy B. VAN LANDINGHAM 
Department of Agricultural Chemistry, College of Agriculture, 
Fayetteville, Arkansas 


(Received for publication January 8, 1943) 


In previous communications (Kik, 1943; Kik and Van Landingham, 
1943) studies were reported in which a loss of 80% in thiamin and of 
50% in riboflavin in rice, as a result of the milling, were recorded. To 
prevent such losses, a new rice milling procedure should be developed 
or the same process of milling should be applied to a different type 
of rice. 

A survey of the literature revealed that an English firm has de- 
veloped and patented a process (H.R. Rice Conversion, 1940) that 
produces a new type of rice. The firm claims that its finished milled 
product, the so-called converted rice, has a thiamin content much 
higher than that of ordinary milled white rice. The vitamin was 
determined by the rat bradycardia method. 

Studies on methods for the retention of thiamin in rice have been 
conducted in the Philippine Islands (Diy, 1941), where a qualitative 
histological procedure for the determination of the thiamin content 
was used. From these investigations the author concluded that 
husked, unpolished rice retains a large proportion of the thiamin 
content after it has been steamed under reduced pressure at a tempera- 
ture ranging from 50° to 60°C, dried, and milled. 

This paper reports studies on the thiamin, riboflavin, and niacin 
content of rice processed according to the principles of the H. R. Rice 
Conversion method. 

Sixty-gram samples of rough rice were cleaned with cold distilled 
water and the wet grains were successively exposed to vacuum, hot 
water under pressure, and steam. They were finally dried and milled. 
In order to insure the same degree of milling, treated and untreated 
samples were milled for the same length of time. The milled samples 


1 Research paper No. 772, Journal Series, University of Arkansas. Published with the approval 
of the Director of the Arkansas Agricultural Experiment Station. Aided by a grant from the Williams- 
Waterman Fund of the Research Corporation. 
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were ground and suitable amounts were weighed for vitamin analyses. 
The technique for the determination of thiamin and riboflavin has 
been described in previously mentioned papers and nicotinic acid was 
determined according to the method of Melnick (1942). 

The thiamin, riboflavin, and niacin contents of six samples each of 
unmilled rough rice, converted milled rice, and unconverted milled 
rice are presented in Table I. Samples 7, 18, and 23 were from rice 
of the same lot and the same variety (Early Prolific) and processed in 
the laboratory. Samples C and D were from rice of the Rexora 
variety and from different lots, Sample 100 was from rice of the Nira 
variety, and all were obtained from a plant in Houston, Texas—the 
first two from the pilot plant and the latter from the manufacturing 
plant. The method of processing in the laboratory differed slightly 
in details from the method used in the plant, the differences being 
related to duration of vacuum application and exposure to hydraulic 


TABLE II 


DISTRIBUTION OF THIAMIN, RIBOFLAVIN, AND NIACIN IN RICE HULLS 
AND RiIcE BRAN BEFORE AND AFTER CONVERSION 


Thiamin Riboflavin Niacin 


Hulls Bran Hulls Bran Hulls Bran 


Before | After | Before | After | Before | After | Before | After | Before | After | Before | After 


| | mele | we/e | mele | | mele | | mele | | mele 
C! | 3.41 | 1.81} 21.0 | 6.80} .620 | .470| 2.79 | 1.90| 48.5 | 29.8} 258.0 | 230.0 
D! | 2.62 | 1.18} 20.0 | 7.72] .660 | 2.41 | 1.01} 45.0 | 33.0} 201.0 | 170.0 


i, courtesy of the James and Harwell Company, manufacturers of converted rice, 
pressure. In all cases, the processing took place without reuse of the 
steeping water. Results of further work in progress will disclose 
the conditions of processing (duration and extent of vacuum and 
hydraulic pressure) under which the maximum retention of the water- 
soluble nutrients occurs. The data show that this process has a 
favorable influence on the thiamin, riboflavin, and niacin content of 
the milled rice. 

Whereas with the old method the retention of thiamin amounted 
to 22.2% (Sample 7), a retention of 63.5% was obtained after con- 
version; thus the difference was 41.3% in favor of the conversion. 
Such differences varied from 34.3% with Sample 18 to a difference of 
63.5% with Sample D. The riboflavin showed less difference in reten- 
tion before and after conversion. The range was from 15.8% in 
Sample 23 to 33.9% in Sample 7. The conversion process also brought 
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about a greater difference in retention of niacin, which ranged from 
30% in Sample C to 61.2% in Sample 23. All these differences favored 
the conversion method. 

In Table II, data are shown on the distribution of thiamin, ribo- 
flavin, and niacin in rice hulls and rice bran before and after conversion. 
The thiamin content of rice hulls of Lot C was 3.41 ug per gram before 
conversion and 1.81 wg per gram after conversion. The thiamin con- 
tent of rice bran was 21.0 ug before and 6.80 ug per gram after process- 
ing, which indicates that the thiamin was lost from the hulls and bran 
layers. Similar observations can be made for riboflavin and niacin in 
this lot and for all these vitamins in Lot D. It is evident from these 
data that losses of these water-soluble vitamins occurred in the outer 
layers of the kernels. 

Summary 
The thiamin, riboflavin, and niacin content of rice was determined 


before and after conversion and it has been found that this method of 
processing favors the retention of these vitamins. 
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BROMINE RESIDUES FROM METHYL BROMIDE 
FUMIGATION OF CEREAL PRODUCTS 


H. D. Younc, R. H. Carter, and S. B. Soloway 


Bureau of Entomology and Plant Quarantine, Agricultural Research Administration, 
U.S. Department of Agriculture, Washington 


(Received for publication December 14, 1942) 


The increasing use of methyl bromide as a fumigant for cereal 
products raises the question of a residue in the fumigated product. 
Stenger, Shrader, and Beshgetoor (1939), working with laboratory 
fumigation, report a gain of 91 parts per million in bromine ! content 


! The word ‘‘ bromine” is used throughout this paper to refer to the element without regard to the 
form in which it was present in the samples that were analyzed. 
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of whole-wheat flour due to fumigation. Neither the dosage nor the 
time of exposure is given, but both were probably in the range of 
fumigation practice. 

Dudley,? Miller, Neal, and Sayers (1940) report the bromine con- 
tent of white flour as 111 ppm and of whole-wheat flour as 74 ppm 
following laboratory fumigation with a dosage of 2 pounds per 1,000 
cubic feet and an exposure of 24 hours. They also report the results 
of commercial fumigations in which the bromine content of white flour 
ranged from about 47 to 72 ppm when the dosage was 1 pound per 
1,000 cubic feet and the exposure 24 hours. In the latter case the 
samples were taken from the mill 48 hours after completion of the 
fumigation. 

Roehm, Shrader, and Stenger (1942) report the total bromine con- 
tent of commercially fumigated white flour as 23, 25, and 28 ppm with 
dosages of 0.083, 0.125, and 0.104 pound of methyl bromide per 1,000 
pounds of load at temperatures from 51° to 84°F and an exposure of 
74 hours. 

Laug (1941) reports a bromine content of 411 ppm in flour 48 hours 
after a 24-hour laboratory fumigation with a dosage of 6.9 volume per- 
cent of methyl bromide (equivalent to 16.3 pounds per 1,000 cubic feet). 

The purpose of the present investigation was to determine the 
quantity of residual bromine following the use of methyl bromide in 
various commercial fumigation practices. There are in general four 
ways in which methyl bromide is used as a fumigant for cereal products. 
First, mills and warehouses are fumigated as a whole (usually at a 
dosage of 1 to 2 pounds of methyl bromide per 1,000 cubic feet of 
space); second, vaults of varying size are used for fumigating infested 
products or containers such as returned bags; third, infested material 
is stacked and fumigated under tarpaulins; and fourth, cereal products 
are loaded into box cars and fumigated, the box cars in a sense serving 
as fumigation vaults. Under all four methods of actual commercial 
practice, samples of flour or other commodities were collected and 
analyzed for bromine content. 


Analytical Procedure 


Several methods for determining small amounts of bromine in 
biological materials, fruits and vegetables, flour, and other foodstuffs 
have been published in recent years (see Literature Cited). The 
procedure that we have used in applying the methods to cereal and 
forage products is as follows: 

A 10-g sample, ground if necessary, is weighed out in a porcelain 
dish and treated with 3 ml of saturated sodium chloride solution and 


? Dudley and Neal (1942) have more recently determined methyl bromide residues in various 
classes of fumigated products and discussed their relation to consumer hazard. 
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40 ml of 2% alcoholic solution of potassium hydroxide and mixed 
thoroughly. After evaporation of the alcohol and drying on a steam 
bath, the sample is ashed in a muffle furnace at 250°C. The door of 
the muffle is kept slightly open to permit escape of smoke, and when 
the smoking has almost ceased the temperature is raised to 400°C and 
finally, after 30 minutes, it is controlled at 500°C for 45 to 60 minutes. 
At no time should this final temperature be exceeded. 

After being cooled, the residue is extracted with two 25-ml portions 
of 1 : 50 hydrochloric acid. The extracts are filtered through a folded 
filter, the residue is transferred to the filter with 10 ml of water, and 
both residue and paper are washed with two additional 10-ml portions 
of water, the filtrates being caught in a 500-ml Erlenmeyer flask. The 
filter paper is returned to the dish and treated with 3 ml of the sodium 
chloride solution and 10 ml of alcoholic potassium hydroxide. The 
drying and ignition are repeated as before, except that the ashing can 
be started at 400°C. The residue is extracted with 25 ml of the dilute 
hydrochloric acid, and the washings are repeated as before, the filtrates 
being caught in the same flask. 

The combined filtrates are neutralized with 2% aqueous sodium 
hydroxide, using methyl orange as indicator, and evaporated to about 
100 ml. To the solution are added about 1 g of sodium dihydrogen 
phosphate, 5 ml of sodium hypochlorite solution (1N NaOCl in 
0.1N NaOH), and 5 ml of 2% sodium hydroxide. The mixture is 


TABLE I 
BROMINE CONTENT OF UNFUMIGATED CEREAL AND FORAGE PRODUCTS 


Material Bromine 
ppm 
Oatmeal feed 21 
Flour 14 
Alfalfa hay 13 
Alfalfa-leaf meal 22 
Corn meal 24 
Corn flour 23 
Wheat-germ meal 44 
Rice bran 13 
Rice polish 17 
Mung beans 37 


boiled gently for 10 minutes; after 1 minute 5 ml of cp sodium formate 
solution (50 g in water to make 100 ml) is introduced, and the boiling 
is continued for 10 minutes. The solution is cooled and treated with 
1 drop of 1% sodium molybdate solution, 0.5 g of potassium iodide, 
and 10 ml of 12N sulfuric acid. Titration is made immediately with 
standard sodium thiosulfate, starch indicator being added just before 
the end point. 
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Cp chemicals are used throughout the procedure, and a reagent 
blank is determined. One milliliter of 0.01N thiosulfate is equivalent 
to 0.1332 mg of bromine. It should be remembered that this method 
includes iodine as well as bromine. 

The average recovery of known amounts of potassium bromide 
added to 12 samples of different materials was 97.2%, with a high of 
100.5 and a low of 94.8. 

Before the amount of bromine residues resulting from fumigation 
could be determined, it was necessary to determine the bromine content 
of unfumigated materials. The results of analyses of unfumigated 
samples representing several classes of cereal and forage products are 
given in Table I. 


Mill and Warehouse Fumigation 


The data for two mill fumigations are presented in Table II. It 
was impossible to get complete information for mill A. Mill B is a 
modern mill of brick and concrete construction with tightly fitting 


TABLE II 
BROMINE CONTENT OF WHITE FLOUR IN MILL AND WAREHOUSE FUMIGATION 

. B i 

°F oz per ppm ppm 

1,000 cu ft 

A 72-75 16 Check (not fumigated) 21 — 
First floor of warehouse 35 14 
Second floor of warehouse 36 15 
B 70-75 13.6 Check (not fumigated) 18 _ 
Seventh floor of mill 32 14 
Sixth floor of mill 38 20 
Fifth floor of mill 34 16 
Fourth floor of mill 34 16 
Third floor of mill 36 18 
Second floor of mill 38 20 
First floor of warehouse 44 26 


steel window sashes; its capacity is 823,000 cubic feet. In mill B, 700 
pounds of methyl bromide were used, piped into the mill as follows: 
225 pounds to the basement and first floor, 190 pounds to the second 
and third floors, 135 pounds to the fourth and fifth floors, and 150 
pounds to the sixth and seventh floors. 

The door from each floor into the stair well was closed but not 
sealed. The mill was fumigated between 4:30 and 6 pm, and it was 
opened the following morning at 11 o’clock. Twenty-four hours later 
samples were collected in glass jars, as indicated in Table II. 
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The bromine contents of these samples were low, but entomologists 
cooperating with the authors reported better than 99% kill of the 
insects. 


Vault Fumigation 


Table III gives the data for a series of fumigations of oatmeal in 
two vacuum vaults of different size. In each fumigation the vault was 
evacuated to a pressure of 2 inches of mercury and the gas was re- 
circulated for 15 minutes. Under these conditions the quantity of 
bromine retained by the fumigated product reached much higher levels 
than in the mill fumigations of flour, the maximum concentration 
being 247 ppm. 


TABLE III 
VacuuM VAULT FUMIGATION OF OATMEAL WITH METHYL BROMIDE 
Capacity | Oatmeal Tempera- Total Bromine 
of vault | in vault Exposure Dosage ture bromine em 
cu ft | tons hours | lbs per 1,000 | o per ton be ppm ppm 
cu ft 
Check (not fumigated) 21 
357.5 5.0 3 3 3.43 69 70 49 
5.9 3 4 3.88 72 113 92 
6.0 3 5 4.77 70 174 153 
1.0 3 3 17.2 70 40 19 
1.0 3 2 11.4 72 76 55 
6.0 4 5 4.77 68 105 84 
6.0 15 3 2.86 70 155 134 
1,800 31.0 15 5 4.64 70 268 247 
2 1.86 70 139 118 


Data on fumigation in an atmospheric vault of 800 cubic feet ca- 
pacity are given in Table IV. In the first four fumigations two one- 
quart pasteboard cartons filled with wheat-germ meal were put in the 
vault along with the load. At the end of the fumigation one carton 
was allowed to stand three weeks and was therefore subjected to con- 
siderable aeration before its contents were analyzed, while the con- 
tents of the other were transferred to a glass jar to avoid loss of bromine 
through aeration. 

The data on the linseed and cottonseed meal are included to show 
the rate of loss of bromine from fumigated materials of this nature. 


Fumigation under Tarpaulins 


Table V presents the data for tarpaulin fumigation. The rela- 
tively high dosages used caused a large quantity of bromine to be left 
in the flour. 


| 
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TABLE IV 
ATMOSPHERIC VAULT FUMIGATION OF VARIOUS CEREAL PRODUCTS 


Bromine 
| Dosage Nature’ | EXP0sure) bromine! |, due to 
tons oz per 1,000 | oz per ton °F hours ppm ppm 
cu) ft 
Check (not fumigated)| — 44 
Wheat-germ 1 15 12 80 12 (a) 113 69 
meal? (b) 106 62 
2 20 8 80 12 (a) 118 74 
(b) 113 69 
2 25 10 74 12 (a) 112 68 
(b) 122 78 
1 10 8 74 16 (a) 93 49 
(b) 78 34 
Wheat flour 1 Check (not fumigated)} — a 23 — 
20 16 78 12 45 22 
Commodity analyzed Dosage Exposure 
oz per ton hours ppm 
Cottonseed meal 3 3 1 hour 144 
24 hours 74 
7 days 67 
Linseed meal 3 3 1 hour 108 
24 hours 68 
7 days | 60 


. H aaeeaaes transferred to jar indicated by (a); samples held in carton atter fumigation indicated 
y (b). 

2 The vault was loaded with corn flour in the first three fumigations and with corn meal in the 
fourth. Wheat-germ meal in a pasteboard carton was also put in vault. 


TABLE V 
FUMIGATION UNDER TARPAULINS 
Commodity Quantity | Exposure | Dosage — 
hours oz ton ppm ppm 
Wheat flour 20 92 77 
99 | 84 
Mung beans a2 81 44 
Check on wheat ad — — 15 — 
Check on mung beans | | 37 | 
| 


Box Car Fumigation 


A box car loaded with 100,000 pounds of wheat flour was fumigated 
with 10 pounds of methyl bromide and then shipped from Kansas City 
to Chicago. On its arrival samples of flour were sent to Washington 
for analysis. The car had been 3 days in transit and the temperature 
was approximately 90°F. The flour was found to contain 62 ppm of 
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bromine. A sample of the same flour taken 4 weeks later showed 60 
ppm of bromine and a third sample after another week also analyzed 
60 ppm. No check was taken. 


Summary 

Cereal products that had been fumigated with methyl bromide were 
analyzed to determine what bromine residues might be expected from 
such treatments. Samples were taken after commercial fumigations 
by four methods—(1) fumigation of the entire mill or warehouse, (2) 
fumigation in vacuum or atmospheric vaults, (3) fumigation under 
tarpaulins, and (4) fumigation of box cars. The results indicate that 
commercial fumigation practices can be expected to increase the bro- 
mine content of flour and other cereal products. The increases ranged 
from practically nothing to 247 ppm, or nearly 12 times the amount 
originally present. In most cases, however, the fumigated product 
contained less than twice the original amount. Vacuum vault fumi- 
gation apparently caused larger bromine residues than other practices. 
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THE USE OF STATISTICAL METHODS IN QUALITY 
EVALUATION OF BARLEY AND MALT DATA! 


J. H. Torrie and J. G. Dickson ? 


University of Wisconsin and Division of Cereal Crops and Diseases, 
Bureau of Plant Industry, Agricultural Research Administration, 
U.S. Department of Agriculture, Madison, Wisconsin 


(Read at the Annual Meeting, May 1942) 


In the quality evaluation of certain agricultural crops, limitations 
imposed by the physical capacity of the laboratory, or the nature of 
the samples available, often make it necessary to study a sample which 
is a composite of several replicated plots or a composite of a large 
number of samples from a given area. This is especially true when 
such data are obtained for a number of stations, or locations, over a 
period of years. The purpose of this paper is to illustrate the use and 
the interpretation of certain statistical methods in the analysis of data 
of this type. Wherever possible, however, it is desirable (for each 
factor studied) to make separate determinations for each replicate in 
place of one determination on the composite sample. 

The ‘Barley and Malt Laboratory’’ at Madison since 1934 has 
evaluated, for different barley and malt characters, a number of 
standard barley varieties grown at representative experiment stations 
in the North-Central and Western states. Physical limitations of the 
laboratory necessitated the use of composite samples from the repli- 
cated plots. The data used in the present study are for 5 varieties 
grown at 6 stations during the 4-year period, 1935 to 1938. The 
original data have been presented by Dickson ef al (1940, 1942). The 
stations included in the study reported here were East Lansing, Mich., 
Urbana, IIl., Madison, Wis., Waseca, Minn., Kanawha, Ia., and 
Brookings, S. D. 

The interpretation of the large mass of data present problems in the 
statistical analysis. The data were studied first by the analysis of 
variance, using the three-factor interaction, variety X station X year, 
as the estimate of the experimental error (Dickson et al 1940). In order 
to obtain additional information on ranking of the varieties for the 
various factors at the different stations and in the different years, the 


1 Based on cooperative investigations between the Division of Cereal Crops and Diseases, Bureau 
of Plant Industry, Agricultural Research Administration, U. S. Department of Agriculture, and the 
Wisconsin Agricultural Experiment Station. The cooperative investigations include the agricultural 
experiment stations of California, Colorado, Illinois, lowa, Michigan, Minnesota, Montana, Nebraska, 
North Dakota, South Dakota and Wisconsin, where the uniform barley varietal series were grown. 
The Federal WPA has contributed to the research program through a grant under the University of 
Wisconsin WPA Natural Science Project. The United States Maltsters Association has cooperated 
through an industrial fellowship grant to the University of Wisconsin. 

2 Assistant Professor in Agronomy, and Professor of Plant Pathology, University of Wisconsin and 
Agent, Division of Cereal Crops and Diseases. The authors wish to thank Dr. Churchill Eisenhart for 
his counsel in selecting the methods of statistical analysis, for deriving the ¢ tests appropriate to testing 
individual interactions, and for his assistance in the preparation of the manuscript. 
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data were analyzed subsequently (1942) in more detail by two addi- 
tional methods which differ somewhat from each other. 

The two additional methods of analysis are illustrated here, using 
only a part of the data presented in the analysis of variance. Diastatic 
power of malt, yield of grain in bushels per acre, and protein content of 
barley are used to show the comparison between the three methods of 
analysis. 

The variety X station and the variety X year interactions were 
separated into their component parts. The separation of the variety 
X station interaction into its 30 components provides a measure of the 
discrepancy of the actual reaction of each variety at each station from 
an expected value based on both the reactions of the variety and station 
in question. The variety X year interaction is analyzed in a similar 
manner. 

The linear regression between the varietal mean at each station with 
the mean of all five varieties at each station was calculated for each 
variety. The regression analysis determines whether there is any 
difference among varieties in the reaction, for the character under con- 
sideration, in relation to the mean reaction of all varieties from stations 
with low values to those with high values. For example, as will be 
seen later, the spread in the diastatic power of Oderbrucker in relation 
to that of Wisconsin Barbless is much greater at stations with a high 


mean diastatic power than those with alow mean. This latter method, 
therefore, does not measure exactly the same thing as the former, 
although it offers a further check upon interpretation of the data. 


The Use of the Analysis of Variance 


The use of composite samples presented the problem of finding a 
valid estimate of experimental error. The three-factor interaction, 
variety X station X year, was used in all cases as the best available 
estimate of the experimental error. Before this was done, the mean 
squares for variety X year at each station and the mean squares for 
variety X station for each year were tested, respectively, for homo- 
geneity by the use of Bartlett’s test (1937). The tests for homogeneity 
showed that the variety X year interaction mean squares for the sta- 
tions included in the present study and variety X station interaction 
mean squares for each year were relatively homogeneous. An analysis 
including the results from Bozeman, showed that the interaction for 
some of the characters were not homogeneous. The principles and 
tests applicable to this problem were discussed by Ozanne.* The F 
values for the several factors are given in Table I. All F values given 


3P. R. Ozanne: Unpublished paper prepared in conjunction with Dr. C. Eisenhart, University of 
Wisconsin, 1940. 
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in this table were obtained by using the three-factor interaction, 
variety X station X year, as the experimental error. The variety 
mean squares were compared with the three-factor interaction variety 
X station X year, mean squares in place of variety X station mean 
squares for two reasons. In the first place, as pointed out by Yates 


TABLE I 


ANALYSIS OF VARIANCE FOR FIVE BARLEY VARIETIES (ODERBRUCKER, MANCHURIA, 
WISCONSIN BARBLESS, VELVET AND TREBI) GROWN AT Six STATIONS 
(East Lanstnc, Micu., URBANA, ILL., MADISON, WIs., WASECA, 

MINN., KANAWHA,! IA., AND BROOKINGS, S. D.) FOR 
Four YEARS (1935 to 1938) 


Source of variation with F values 


Factors for which F values 1 
were determined F Vari- 
eties 
x 
years 


Yield of barley per acre,? bu 

Test weight of barley, dry basis, 1b 

Kernel weight of barley, dry basis, mg 

Hull content of barley, dry basis, % 

Ash content of barley, dry basis, % 

Protein content of barley, dry basis, % 

Time Somes in steep to reach 46% moisture, 
est., Ar 

Recovery of malt from barley, dry basis, % 

Extract content of malt, fine grind, dry basis, % 

Conversion time, min 

Diastatic power of malt, °L 

Ratio, wort nitrogen to malt nitrogen, % 


N 
ARRON 


Awe 
Sa 


N 


nw 
SSo 
S 


w 
oon 


w 
w 


wnroeo 


Degrees of freedom 
0.05 level 
0.01 level 


Ren 


in’o 


aon 
a 
112 


ww 
~~ 
an 


! Barleys were grown at Emmetsbursg, Ia., in 1935. _ 
2 Yields were not obtained at East Lansing, Mich., in 1938, values were interpolated. 
3 Variety X station X year interaction was used as error; see text. 


and Cochran (1938), there is no reason to suppose that the varietal 
differences from station to station are the same for each pair of varie- 
ties. Secondly, in order to justify the comparison of the variety mean 


square with the variety X station mean square, each year a new set of 
stations selected at random from the entire area sampled should be used. 


Separation of Varietal Interactions into Component Parts 


A significant F for variety X station interaction indicates that cer- 
tain of the varieties at some of the stations respond differently from 
certain other varieties. In order to determine which varieties reacted 
significantly different from expectation at the respective stations, the 
sums of squares for the variety X station interactions was separated 
into individual components measuring the discrepancy of the four-year 
mean of each variety at each station from that expected on the hy- 
pothesis of no interaction. The procedure followed was a modifica- 


| Error 
Sta- mean 
tions | square 
| 
| years 
4 
2.52 
| 3.65) 
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tion of the method described by Cochran (1937) and Yates and 
Cochran (1938). 

The 20 degrees of freedom for the variety X station interaction 
were separated into 30 somewhat interdependent component parts, one 
for each variety-station comparison. Similarly, the 12 degrees of 
freedom for the variety X year interaction were separated into 20 
somewhat interdependent component parts, one for each variety-year 
comparison. The analysis employed follows. 

The deviation of the four-year mean response of the ith variety at 
the jth station (V X S)ij from that expected on the hypotheses of no 
interaction was obtained by the following equation: 


(Vx = Rij — Ri. Rj 4+ (1) 


where Xij is the 4-year mean response of the ith variety at the jth 
station, Xi. is the 4-year mean response of the ith variety at all 6 
stations, X.j is the 4-year mean response of all 5 varieties at the jth sta- 
tion, X.. is the 4-year mean response of all 5 varieties at the 6 stations. 
For example, the deviation of the diastatic power of Trebi malt at 
Kanawha from that expected on the basis of no interaction, using the 
data in Table ITI, is 


146 — 156 — 148 + 168 = 10 


The deviation of the actual values from the expected were tested 
for significance by the ¢ test as below 


(V 
= —— (2) 
mean square 2 
4 3 


The degrees of freedom, 60, are those associated with the error mean 
square. The error mean square was divided by 4 because each variety 
value is the mean of 4 years’ data. The factor 2/3 is a correction for 
the interdependence of the 4 quantities of which the numerator of 
equation 2 is a linear function. It will be noticed that the correction 
2/3 is directly proportional to 20/30, namely, the degrees of freedom 
for variety X station (20) and the total number of variety X station 
comparisons (30). The formal explanation is as follows: when 7 = 1 
and j = 1, equation 1 can be rewritten in the following manner: 


6 
j=2 i=2 


(VX S)n = 6 5 


5 6 5 6 
Xut + Rij (3) 


+ 30 


: 
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where (V X S).; is the deviation of the actual value of the 4-year mean 
of variety 1 at station 1, X11, from the expected value based on no 
6 


interaction, >> X1j is the sum of the 4-year mean response of variety 1 


j=? 
at the other 5 stations, © X71 is the sum of the 4-year mean responses 
i=2 5 ‘ 
of the other 4 varieties at station 1, and © } Xij is the sum of the 
i=2 j=2 
4-year mean responses of varieties 2 to 5 at stations 2-6. The right 
side of equation 3 reduces to 


3) + EE (55) (4) 


Simplifying equation 4 we get, 


j=2 i=2 j=2 


The variance of (V X S$), in relation to error variance is then, 


variance (V X = (33) + (3) 4 + (3) 


(35) 4- [error variance] (6) 


which reduces to 


(VX S)u 


= Go? sy [400 + 80 + 100 + 20] (error variance) = 5 * (error variance) 
Since similar steps can be carried out for any pair of values 7 and j, the 
result is true generally. In order to determine how large a difference 
was necessary between the actual and expected values to be significant 
at the 0.05 (or 0.01) level of significance, equation 2 was written as 
below, 


(VX S)ij = [1.05 (or 4.01) for 60d. £.] - (8) 


For example, the difference necessary for significance at the 0.01 level 
between the observed and expected diastatic power of malt is 


339.50 2 


2.66 4 


> 


Vol. 20 


584 EVALUATION OF BARLEY AND MALT DATA 


The interaction variety X year was analyzed in a similar manner; 
the deviation of the mean response at all stations for each year from 
that expected on the basis of no interaction was determined by 


equation 9: 


(VX V)ik = Rik — Xi. Re + (9) 


where Xik is the mean response at all 6 stations of the ith variety in 
the kth year, Xi. is the mean response at all stations of the ith variety 
for all 4 years, X.k is the mean response at all 6 stations of all 5 varieties 
in the kth year, and X.. is the mean response of 5 varieties at the 6 
stations for the 4 years. The (V X Y)ik values were tested for sig- 


nificance as below 


(V X Y)tk (10) 
J Error mean square 3 
6 5 


It will be noticed that the correction 3/5 is directly proportional to 
12/20, namely the degrees of freedom for variety X year (12) and the 
total number of variety X year comparisons (20). 


TABLE II 


INTERACTION OF THE FIVE BARLEY VARIETIES AT THE Six STATIONS (DATA FOR 
THE Four YEARS COMBINED) AND IN THE Four YEARS (DATA FOR 
THE Six STATIONS COMBINED). 
(The F values for interactions compared with the number of significant interac- 
tions determined at the 0.05 and 0.01 levels. See Table I for stations and years 


included.) 


Interaction based on Number sig- 
analysis of variance, nificant varietal 
Table I interactions! 
Coeffi- 
cient 
Factors Varieties | Varieties of. 
Error |/ value | F value x x vari- 
mean | Vatie- | varie- stations years | ability 
square ties X | ties X 
stations} years 
0.05| 0.01| 0.05; 0.01 
Yield of barley, per acre, bu 12.74] 2.9 3.6 9 3 5 4 10.6 
Test weight barley, dry basis, 1b 1.47; 2.1 1.8 7 2 3 1 3.2 
Kernel weight barley, dry basis, mg 2.81 | 0.8 0.7 1 0 1 0 6.5 
Protein content barley, % 0.75 | 0.7 0.8 0 0 0 0 5.2 
Time required in steep to reach 46% mois- 
ture, Ar 23.96 | 1.7 3.6 4 2 6 3 15.7 
Recovery of malt from barley, dry basis, % 2.45 | 0.6 1.9 0 0 3 1 1.9 
Extract content malt, dry basis, % 1.06 | 0.6 1.4 0 0 3 1 1.4 
Diastatic power malt, °L 339.50} 1.6 2.2 4 1 3 1 11.0 
Ratio wort nitrogen to malt nitrogen, % 4.33 | 0.8 0.9 1 0 0 0 6.1 
F value 0.05 level 1.75 1.92 
F value 0.01 level 2.20 2.50 


are tabulated in Table II. 


1 Determined by modification of the Yates and Cochran method described in the text. 


The number of components for both variety X station and variety 
year comparisons which exceed the 0.05 and 0.01 levels of significance 
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An examination of the data in Table II shows that there is a fair 
agreement of the F value for the interactions variety X station and 
variety X year with the number of varieties which show a significant 
departure from the values expected on the basis of no interaction. For 


TABLE III 


Four-YEAR MEAN DiIAstTaTiIC PowER OF MALT, MEAN YIELD IN BUSHELS PER 
ACRE AND MEAN PROTEIN CONTENT OF BARLEY OF EACH OF THE 
Five BARLEY VARIETIES AT EACH OF THE SIX STATIONS 


(Interactions exceeding 0.05 single starred, exceeding 0.01 double starred; + or 
— indicates value greater or less than expected on basis of no interaction) 


Station 


Variety V 
Lansing Urbana Madison Waseca | Kanawha} Brookings 


DIASTATIC POWER OF MALT 


Trebi 135 129 157 154 
Wisconsin 
Barbless 130 110 133 134 
Velvet 156 143 163 162 
Oderbrucker 174 182 175 211 
Manchuria 187 185 195 208 


Station mean 156 150 165 174 


YIELD OF BARLEY, BUSHELS PER ACRE 


Trebi 31.3**—| 51.5*+ 30.1*—| 60.1*+ 37.5 
Wisconsin 
Barbless 38.0 43.2**—| 33.9 57.8 36.4 
Velvet 34.0*+ | 40.0 26.3 47.1*— 34.0 
Oderbrucker 25.9 40.0*+ 23.6 39.7**—| 22.4 
Manchuria 22.2 36.0 20.5 45.2 24.1 


Station mean 30.3 42.1 26.9 50.0 30.9 


PROTEIN CONTENT OF BARLEY 


Treib 12.4 12.2 12.3 12.9 13.9 15.8 13.2 
Wisconsin 
Barbless 13.0 12.7 12.9 13.0 13.9 16.5 13.7 
Velvet 12.9 13.1 13.5 13.8 14.3 16.3 14.0 
Oderbrucker 12.6 13.6 14.1 14.0 14.8 18.0 14.5 
Manchuria 13.4 13.5 14.0 14.9 14.7 17.1 14.6 


Station mean 12.9 13.0 13.4 ke, 14.3 16.7 14.0 


the interactions variety X station and variety X year there are re- 
spectively 30 and 20 comparisons. For yield of barley in bushels per 
acre the F value for both interactions exceeds the 0.01 level of sig- 
nificance. There are 9 and 5 individual interactions exceeding the 


: 

| | 
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| 215 168 
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0.05 level, of which 3 and 4 exceed the 0.01 level, respectively, for 
variety X station and variety X year interactions. Interactions which 
approach the 0.05 level, such as steeping time and diastatic power for 
variety X station, have 4 individual comparisons each exceeding the 
0.05 level and 2 and 1, respectively, exceeding the 0.01 level. The 
interactions, which have an F value near 1, show at the most only one 
individual varietal interaction exceeding the 0.05 level. 


IASTATIC POWER DEGREES LINTNER 


WIS.BARBLESS ™ EAST LANSING 
DIASTATIC POWER OF MALT 


Fig. 1. Graphic comparison of diastatic power of the malts from the five varieties grown at the 
five stations in 1935 to 1938. One and two black dots indicate, respectively, interactions exceeding the 
0.05 and 0.01 levels of significance. 


In the interpretation of the data presented above, considerable care 
must be exercised. As shown in Table II there are in most cases in- 
dividual comparisons which exceed the 0.05 and in a few instances 
several which exceed the 0.01 level of significance where the F value for 
the interaction of the combined comparisons is less than the 0.05 level. 
It is reasonable to expect, with the number of individual comparisons 
made (30 and 20) that certain of these would exceed the 0.05 level due 
to chance alone when no difference exists. Also since the 0.05 level is 
after all only an arbitrary division between significance and non- 


260 240Z 
240: 2200 
| w 
| w 
220 2005 
200. 1208 
| w 
180 1608 
a 
160 
140% 120% 
a 
< 
1008 
MANCHURIA 0 KANAWHA 

ODERBRUCKER SS WASECA 

L 

TREBI > MADISON 


Sept., 1943 J. H. TORRIE AND J. G. DICKSON 587 


significance, the difference in significance of an interaction slightly less 
than, and one slightly greater than, the 0.05 level is small. For these 
reasons in the interpretation of the data given in Table II, the indi- 
vidual interactions which exceed the 0.01 level are considered as sig- 
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ACRE YIELD OF BARLEY 


Fig. 2. Graphic comparison of acre yield of barley for the five varieties grown at the six stations 
in 1935 to 1938, One and two black dots indicate, respectively, interactions exceeding the 0.05 and 
0.01 levels of significance. 
nificant, while those between the 0.05 and 0.01 level are considered 
as being indicative of possible significance. 

The four-year means of each variety at each station for diastatic 
power of malt and bushel yield and protein content of barley are given 
in Table III. The data are shown in graphic form in Figures 1 to 3. 
The diastatic power of Wisconsin Barbless at Brookings was 155, which 
is significantly less than the expected value of 178 based on no inter- 
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action. Other variety X station comparisons which are indicative of 
significance were Wisconsin Barbless at East Lansing (128, 111) Oder- 
brucker at East Lansing (151, 171), and Oderbrucker at Brookings 
(254, 238). The first number in the brackets refers to the actual 
value, the second to that expected on the basis of no interaction. 

For yield, three comparisons, Trebi at East Lansing (31.3, 36.6), 
Wisconsin Barbless at Urbana (43.2, 47.7) and Oderbrucker at Waseca 
(39.7, 44.3) exceeded the 0.01 level. Six other comparisons were in- 


4 
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EAST LANSING 
PROTEIN CONTENT OF BARLEY 


Fig. 3. Graphic comparison of protein in barley for the five varieties grown at the six stations in 
1935 to 1938. Note that there are no significant interactions. 


dicative of possible significance. In regard to protein content, none 
of the individual comparisons deviated significantly from that expected. 

The four-year means of each variety at each station are presented 
graphically in Figures 1 to 3. In constructing the figures the varieties 
were arranged along one axis and stations along the other. The func- 
tions of the varietal reactions for a given factor at a given station form 
a series of lines perpendicular to a base plane common to both varieties 
and stations. The relations between varieties and stations for the 
given factor are then observed over the entire range of the stations 


A BROOKINGS 
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included. The arrangement of the varieties and stations along the 
axis was in ascending order for the factor means, purely as a method of 
keeping the tops of the perpendicular lines in view in the three- 
dimensional graphs. Likewise, purely for clarity of presentation, the 
tops of the vertical lines representing varietal reaction were connected 
for the individual varieties at the different stations and for the five 
varieties at each station. In so doing the interaction of varieties X 
stations is represented as a sectional surface or plateau. The extent of 
interaction is then expressed by the elevations and depressions in the 
surface of the plateau. The points on the plateau where the interac- 
tions are significant at the 0.05 and 0.01 levels of significance, as de- 
termined from the data in Table III, are indicated by one and two 
black dots respectively. A regular surface of the plateau indicates that 
the varieties maintained the same relative ranking at the different 
stations. The influence of variety and station upon the reaction of 
the factor is shown by the rise in the plateau along the two axes, 7.e., 
varieties and stations. 


Regression Analysis 


The relationship between varietal differences and the environmental 
conditions, at the different stations, affecting diastatic power of malt 
and grain yield and protein content of barley was investigated further 
by regression analysis using the method described by Yates and 
Cochran (1938). In accordance with this method, for each of the 5 
varieties the linear regression was calculated between the 4-year mean 
responses of that variety at the several stations and the 4-year mean 
responses of all varieties at the same stations. As stated by Yates and 
Cochran, the object of taking the regression on the mean response of all 
5 varieties rather than the response of the remaining 4 varieties is to 
eliminate a spurious component of regression which will otherwise be 
introduced into the experimental error. 

In brief, the procedure followed consisted of (1) separating out, 
from the 20 degrees of freedom for variety X station interaction, the 
4 degrees of freedom measuring the differences among the several 
regressions and (2) testing these for significance. 

The first step is to obtain the sums of squares for the station means 
about the general mean from the data given in Table III, by the 
formula 


6 
(Xj X..)? (11) 
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where X.j is the 4-year mean of all 5 varieties at the jth station and X.. 
is the general mean. The values X¥.j — X.. for all 3 characters studied 
are given in Table IV. 


TABLE IV 


DEVIATIONS OF STATION MEAN YIELDS FROM THE GENERAL MEAN (UPPER 
SECTION) AND VARIETAL TOTALS AT EACH STATION MULTIPLIED BY 
THE DEVIATIONS OF THE STATION MEAN YIELDS FROM THE 
GENERAL MEAN (BELOW) FoR D1AsTATIC POWER OF 
MALT AND GRAIN YIELD AND PROTEIN 
CONTENT OF BARLEY 


(X.j — X..) 
: Diastatic power Grain yield Protein content 

Station of malt of barley of barley 
East Lansing, Mich. —20 —3.2 —1.1 
Urbana, IIl. —12 +8.6 —1.0 
Madison, Wis. —18 — 6.6 —0.6 
Waseca, Minn. —3 +16.5 —0.3 
Kanawha, Iowa +6 —2.6 +0.3 
Brookings, S. Dak. +47 — 12.7 +2.7 
6 
— ¥X..)? 3122 568.06 10.04 
j=1 

Variety — X..)Tij 
Trebi 14340 2718.83 38.77 
Wisconsin 
Barbless 6298 2253.40 40.16 
Velvet 11165 1932.65 35.23 
Oderbrucker 17048 2048.86 51.84 
Manchuria 13778 2415.23 38.00 


The sums of squares for diastatic power of malt for Trebi using 
equation 11 are 


[(— 20)? + (— 12)? + (— 18)? + (— 3)? + (+ 6)? + (+ 47)?] = 3122 


For each variety the totals for the 4-year period at each station are 
then multiplied by their respective (X.j — X..) deviations and summed 


6 
(Xj — X..) Ti (12) 
j=1 

where 77j is the 4-year total of the ith variety at the jth station. The 
values thus obtained are the sums of products of the station means for 
all varieties and the station totals for a particular variety. These 
values are listed in the lower half of Table IV. As an illustration the 
value for diastatic power of malt for Trebi was obtained for 12 as 
follows: 


DX [(— 20) (583) + (— 12) (538) + (— 18) (517) 
+ (— 3) (628) + (6) (616) + (47) (850)] = 14340 


—_ fr — 


é 
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This can be obtained approximately from the data in Table III by 
using the variety X station means multiplied by 4; the result will not 
agree exactly with those above because of the rounding in determining 
the means in Table III. 

The regression coefficients for the different varieties listed in 
Table V were obtained as follows, 


TABLE V 


REGRESSION COEFFICIENTS BETWEEN THE 4-YEAR MEAN RESPONSE OF A 
VARIETY AT EACH STATION AND THE MEAN RESPONSE OF ALL 
VARIETIES AT EACH STATION, FOR EACH VARIETY FOR 
DIASTATIC POWER OF MALT AND GRAIN YIELD 
AND. PROTEIN CONTENT OF BARLEY 


Diastatic power Grain yield Protein content 

Variety of malt of barley of barley 
Trebi 1.1483 1.1966 0.9654 
Wisconsin Barbless 0.5043 0.9917 1.0000 
Velvet 0.8941 0.8505 0.8772 
Oderbrucker 1.3652 0.9017 1.2908 
Manchuria 1.1033 1.0629 0.9462 
Difference required 0.05 0.4663 0.2117 0.3866 


for significance 0.01 0.6204 0.2817 0.5142 


6 
(Xj X..) Ti 

(13) 
4> (Xj — X..)? 


j=l 


14340 

4(3122) 

The sums of squares for the 4 degrees of freedom measuring the 
differences in the regressions of the 5 varieties is obtained from 


which for diastatic power of Trebi is = 1.1483 


E (fj (bi — 6)? (14) 


where the multiplier is needed to make this sum of squares comparable 

to those involved in Tables I and II, since the variance of a single b is 
2 6 


4 > (Xj — X..)*, where o? is the error variance of a single observa- 


tion, the factor 4 arising from the fact that is a regression of means of 
4. The following form of equation 14 is convenient for calculation, 


i=l 


i=1 j=1 


9 


(15) 
4> (Xj — X..)? 


j=l 


‘ 

‘ 

= 
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which for diastatic power of the malt is: 
5 
+ (13778)? — 
1 


(3122) (4) 

In Table VI are given the results of the above analyses. The sums 

of squares for the variety X station interactions based on 20 degrees 
of freedom are separated into 2 parts, the differences among the re- 
gressions and the deviations about the individual regressions, based on 
4 and 16 degrees of freedom respectively. 


TABLE VI 


ANALYSIS OF VARIANCE FOR DIFFERENCES AMONG VARIETAL REGRESSIONS 
FOR DIASTATIC POWER OF MALT AND GRAIN YIELD AND 
PROTEIN CONTENT OF BARLEY 


2 
{esp = 5280.82 


Diastatic Protein 
power of oe Id content of F 
Degrees malt y barley 


Source of variation 


Mean Mean 
square| |square| F | 9-05 | 0.01 


Mean 
square 


Differences of regressions 4 (1320.21 | 3.89) 42.41 | 3.33) 1.04 | 1.39 | 2.52) 3.65 
Deviations from regres-| 16 | 356.63| — | 35.80) — | 043 | — | — | — 
sions 


12.74| — | 0.75 


339.50 


Error 


In order to test the significance of the difference between any two 
regressioms b; and b2, the ¢ value was obtained as below. 


(16) 


(Xj X..) 


j=l 


t= 


where S* is error mean square. Equation 16 can be changed to the 
following in order to determine how large a difference is necessary 
between any two regressions to be significant at either the 0.05 or 0.01 
level of significance. 


b, — = [1.05 (or t.01) for 60 d.f.] - = (17) 


2> (Xj X..)? 


j=l 


which for diastatic power of barley at the 0.01 level is 


339.50 
2.66 2 (3122) ~ 0.6204 


The regressions are shown in Figure 4. 
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Regressions on mean yield of barley show the same response for 
Trebi as reported by Yates and Cochran (1938) for certain Minnesota 
data. Trebi has a greater tendency to increase in yield at the stations 
with the higher mean yields than the other varieties. This tendency, 
however, is only significant when compared with Velvet. The wide 
differences in the yielding capacity of the four varieties are shown by 
the relative position of the regression lines. No significant differences 
were found in the slope of the regression lines for protein content of 
barley. 

The regression lines for diastatic power of malt show a marked 
difference between Wisconsin Barbless as compared to the other varie- 
ties. The increase in diastatic power of Wisconsin Barbless at the 
stations with the higher diastatic power is significantly less than that 
found for the other varieties with the exception of Velvet. Between 
Velvet and Oderbrucker the difference is significant. 

The generally low interaction between varieties X station and 
varieties X years is especially important in relation to quality evalua- 
tion and in applying this information to a breeding program. The 
analyses indicate that for most factors studied the varieties maintain 
relatively the same ranking at the different stations and in the different 
years. This suggests that the relative ranking of the varieties and 
selections for most of the important quality factors can be determined 
reliably at a few representative stations. 
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REPORT OF THE 1942-43 COMMITTEE ON TESTING 
BISCUIT AND CRACKER FLOURS 


W. H. Hanson, Chairman 
Henkel Flour Mills, Detroit, Mich. 


(Read at the Annual Meeting, May 1943) 


The results reported by the committee for the past two years 
showed significant differences in the spread potentialities of cooky 
flours milled from white wheat varieties (Loving, 1942; Hanson, 1943). 
Factors which seem to be associated to a marked degree with spread 
behavior are viscosity and granulation. It is quite apparent that a 
coarsely milled flour will show greater spread characteristics, and in 
some instances may reflect a slight lowering of the viscosity. 

Opinions were offered by the members of the committee that a 
cooky flour from the same geographical area might vary considerably 
in spread potentialities from one crop to another. It was therefore 
suggested that the collaborators recheck their results as reported for 
1941-42 (Hanson, 1943) with flours from the same mills and white 
wheat varieties, with the object of grouping the flours according to the 
spread factor W/T as obtained by cooky measurements, and also of 
determining whether there is any association between granulation or 
viscosity and spread behavior. 


TABLE I 
ANALYSES OF FLours USED IN Cooky TESTS 
t 
(15% mb.) | (15% m.b.) 250-mesh, 
No-time Gente 60 minutes) 
% % MacM MacM % 
A 0.385 7.65 35 57 84 
B 0.400 7.42 24 38 78 
.. 0.395 7.05 21 33 89 
D 0.420 7.47 30 46 70 


cua" A was from New York State, flours Band C from Michigan, and flour D from the Pacific 

Instructions to the mills supplying these flours were in accordance 
with the usual specifications—0.41 to 0.42% ash, 7.5 to 8.0% protein, 
and a maximum viscosity of 35° MacMichael, as determined by the 
no-time method for unbleached flours of 100% extraction. The four 
flours selected are referred to as A, B, C, and D, the analyses of which 
are shown in Table I. 
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Cookies were baked by the laboratory cooky test and procedure 
formula described by Hanson (1943) and by the semicommercial baking 
method outlined in Table II. In the latter method, three formulas 
which vary in the quantities of sugar and shortening called for are used. 

TABLE II 
ForMULAS IN TEsTING CooKy FLouRS BY SEMICOMMERCIAL PROCEDURE ! 


Formulas 
Ingredients 
1 2 3 
g g g 
I Fine granulated sugar 1510 1250 1510 
Salt 23 23 23 
Shortening (B and C type) 752 752 376 
II Milk powder 114 114 114 
Ill Whole eggs 270 270 270 
Invert sugar 227 185 227 
Vanilla—concentrate 8 8 8 
IV Water 454 454 454 
Ammonium carbonate 8 8 8 
V Flour 2250 2250 2250 
Soda 17 17 17 
Anhydrous monocalcium phosphate 5 5 5 
Totals 5638 5336 5262 
METHOD: 


Stage I Cream 2 minutes on second speed 
Stage II Cream 1 minute on second speed 
Stage III Mix 1 minute on second speed 
Stage IV Mix 1 minute on low speed 
Stage V Mix 2 minutes on second speed 
EQUIPMENT: 
20-quart Hobart Mixer, No. A200 
Wire-cut cooky divider 
1}-inch round dies 
SCALING WEIGHT: 
4 ounces per dozen 


1 Submitted by H. W. Putnam. 
Discussion 


The rank of the cooky flours from the calculated ‘‘spread factor” 
as recorded in Table III shows very good agreement on flour B. 
Flour A was ranked 4 by a large majority of the collaborators, whereas 
flour from the same mill and wheat type ranked 1 in the committee 
report of 1941-42. Flour C, which was definitely poor in the instance 
of the 1941-42 crop, showed some improvement in rank and compared 
favorably with flour D for the current crop. When a comparison is 
made between the “‘spread factors’’ obtained for two different crops, 
the study definitely indicates that variations exist in spread potential- 
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ities of flours milled from known white wheat varieties. The W/T 
factors obtained on cookies produced by the semicommercial baking 
formulas are shown in Table IV. The semicommercial baking method 


TABLE III 
RANK OF Cooky FLouRS FROM CALCULATED W/T Factors 
(Rank 1 signifies the best spread, 4 the poorest.) 


| Collaborator 


Sample 
| No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 
\ 4 2 4 4 4 4 
B 1 1 1 1 1 1 
c 4 2 2 3 3 
D 3 3 3 3 2 2 
TABLE IV 
W/T Factors OBTAINED ON COOKIES BAKED BY THE SEMICOMMERCIAL FORMULAS 
Formulas (See Table III) 
Flours 

1 2 | 3 

A 7.8 5.7 | 6.3 

B 6.5 5.4 6.5 

7.3 6.7 

D 8.0 | 5.5 6.7 


was very informative and, as illustrated in Figure 1, showed differences 
in spread behavior resulting from substantial reductions in sugar and 
shortening. Owing to the present trend in the restriction of ingredi- 


Fig. 1. Cookies baked from flours A, B, C, and D by the semicommercial formulas showing 
differences in the spread behavior resulting from variations in sugar and shortening. Groups at the 
an Tog ale and right, respectively, represent cookies baked by formulas 1, 2, and 3 described in 

able IT. 
ents, the semicommercial test can be recommended for evaluating differ- 


ences in cooky flours. 


Summary 
The laboratory and semicommercial baking methods employed 
showed considerable variations in the spread potentialities of the four 
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flours studied. The study has revealed that cooky flours may vary 
considerably from year to year in spread characteristics, although the 
analyses may be maintained fairly uniform during this time. The 
low viscosity white wheat flours respond very well to reductions in 
sweetening materials and shortener, provided that grinding and bolting 
operations in milling will increase the spread properties. Variations 
in spread are likely to occur when the total batter weight differs 
to the extent that it affects the bake-out loss owing probably to oven 
conditions. 
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REPORT OF THE 1941-42 SUBCOMMITTEE ON TESTING 
CAKE FLOURS WITH BAKING-POWDER ADJUST- 
MENTS FOR ALTITUDE 


JoserpH DE HAAN, Chairman 


General Mills, Inc., Spokane, Washington 
(Read at the Annual Meeting, May 1942) 


Barmore conducted a number of experiments at Fort Collins, Colo- 
rado, wherein the baking powder in the A.A.C.C. cake test formula 
was varied under different atmospheric pressures.' As a result of this 
work, an equation was submitted for calculating the amounts of cream 
of tartar and soda to be used with the A.A.C.C. formula for various 
altitudes. According to the equation, y = —0.03A? — 0.25A + 6, 
where y represents the cream of tartar in grams and A the altitude in 
thousands of feet. 

At the request of this year’s chairman of the Committee on Meth- 
ods of Testing Cake Flour, a subcommittee was formed to test various 
cake flours by the A.A.C.C. formula and Barmore’s equation for ad- 
justments in cream of tartar and soda used. 


' Cereal Chem. 16: 145 (1939). 
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Four samples of flour were sent to collaborators located at altitudes 
varying from 50 to 5,000 feet above sea level. All were located either 
in the Rocky Mountain states or on the Pacific slope. This arrange- 
ment made it possible to cover the range of altitudes in which cake 
production occurs in the western part of the United States. Descrip- 
tions and analyses of the flours are shown in Table I. Amounts of 


TABLE I 
ANALYSIS OF FLOURS 


Sample Moisture Ash Protein Description 
% % % 
A 12.8 .36 8.5 Pacific Northwest cake flour 
B 13.5 34 7.7 Midwestern cake flour 
Cc 12.8 39 aun Pacific Northwest cake flour 
D 13.4 34 6.9 Rocky Mountain States cake flour 


cream of tartar and soda used for the different altitudes, respectively, 
are given in Table II. 


TABLE II 
AMOUNTS OF CREAM OF TARTER AND Sopa USED 


Altitude Cream of tartar Soda 
feet g g 
50 5.99 2.99 
1005 5.72 2.85 
1968 5.39 2.69 
3492 4.76 2.38 
4725 4.15 2.07 
5000 4.00 2.00 
Standard A.A.C.C. 6.00 3.00 
TABLE III 
COMPARISON OF TOTAL SCORES ON FLOUR SAMPLEs A, B, C, AND D 
Sample A Sample B Sample C Sample D 
Collaborator's 
Regular | Adjusted! Regular | Adjusted| Regular | Adjusted| Regular | Adjusted 
formula | formula | formula | formula | formula | formula | formula | formula 
feet 
50 83 82 90 90 64 65 72 72 
1005 77 77 90 91 
1968 83 85 90 91 84 90 91 92 
3492 80 92 43 53 
4725 95 93 74 87 65 63 82 84 
5000 76 84 46 66 64 80 60 75 
Average 83.4 87.2 68.6 77.4 70.8 75 79 82.8 
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Fig. 


1. Cakes from flours A and B, baked at 5,000 feet. A-1 = flour A, standard 


A-2 = flour A, adjusted formula. B-1 = flour B, standard formula. B-2 = flour B, 


formula. 


formula. 
adjusted 


Fig. 2. 


Cakes from flour C, baked at 5,000 feet. RIGHT-HAND Group = standard formula. 
HAND GROUP = adjusted formula. 
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Fig. 3. Cakes from flour D, baked at 5,000 feet. RIGHT-HAND GROUP = standard formula. Lert- 
HAND GROUP = adjusted formula. 

All collaborators baked two series of cakes from each flour sample. 
In one series the bakes were made by the A.A.C.C. formula. In the 
other, the cream of tartar and soda were adjusted, by means of Bar- 
more’s equation, to the particular altitude involved. 

Collaborators were requested to score the cakes as carefully as 
possible, by the A.A.C.C. scoring procedure, and to make comments on 
results obtained by using the specially adjusted quantities of baking 
powder. The scores reported on the bakes are recorded in Table III. 

Figures 1, 2, and 3 are photographs of bakes conducted at the 
5000-foot elevation. 

From an inspection of Table III and of the figures, it is evident that 
the adjustments in the amount of leavening agent produced results 
that varied with the flour, on the one hand, and with the altitude on 
the other. It is of course impossible to properly judge the significance 
of these variations without knowing how closely the results would 
agree on many repeated bakes by the same operator, as well as by 
several operators working at each of the different altitudes. Flour 
B showed the greatest response to the adjusted formula, and it appears 
that some flours have more tolerance to baking conditions at different 
altitudes than others. 

Aside from the collaborator who worked at sea level, it was the 
general opinion among collaborators that cakes baked with the adjusted 
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formula were somewhat better than those baked with the standard 
formula. 

Some collaborators reported that future studies should include alti- 
tude adjustments for sugar as well as for baking powder, and one re- 
ported an observation that certain types of shortening behave differ- 
ently, in a cake batter, at different altitudes. 


Summary 


A collaborative cake-baking study, involving adjustments in 
amount of baking powder to conform to different altitudes, was under- 
taken. In general the adjustments brought about an improvement in 
cake scores, although the nature and degree of response varied con- 
siderably among the different flours as well as among collaborators 
working at different altitudes. 

There is need for further study, which might properly consider 
ingredients other than baking powder. 


REPORT OF THE 1942-43 COMMITTEE ON 
e METHODS OF TESTING CAKE FLOUR 


LOWELL ARMSTRONG, Chairman 


Ballard & Ballard Co., Louisville, Kentucky 
(Read at the Annual Meeting, May 1943) 


The committee work for this year dealt with the application of the 
tentative cake test to the study of a practical problem, namely, the 
effect of varying flour pH on the baking quality of flours of differing 


ages. 
TABLE I 
EFFrect oF FLour PH ON CAKE BAKING QUALITY AT DIFFERENT 
INTERVALS OF STORAGE 
(Average of Collaborators’ Scores and Data for A.A.C.C. Formula) 


ist Baking 2nd Baking 3rd Baking 
Age of flour—7 days Age of flour—30 days Age of flour—71 days 


pH of Scare pH of | Vol. Scere pH of Vol. of 


flour loa flour loa: flour loaf 


5.36 772 77.2 5.30 874 J 5.23 834 80.0 
5.04 762 83.8 5.02 856 . 4.93 824 83.8 
4.76 752 86.7 4.73 799 : 4.67 833 82.6 


An unbleached, commercially milled, soft wheat flour containing 
8.1% protein and 0.35% ash on a 15% moisture basis was prepared from 
mill streams of known cake-flour performance, and chlorine treated ina 


Flour 
A 
B 
Cc 
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laboratory bleacher to pH levels of 4.7, 5.1, and 5.4. Sufficient Nova- 
delox (3/4 oz per barrel) was added to each sample to give good color 
removal. 

The three samples were submitted to six collaborators who baked 
them by the A. A. C. C. formula after storage for 7, 30, and 71 days 
respectively. A seventh member baked the samples after similar 
intervals of storage by a commercial-type formula. The collaborators 
who used the A. A. C. C. formula were asked to score the cakes by the 
official score card and the averages of the data they reported are given 
in Table I. 

The member who employed the commercial-type formula reported 
similar data but gave the flours rankings instead of scores; his results 
are shown in Table IT. 

TABLE II 


EFFECT OF FLourR PH ON CAKE BAKING QUALITY AT DIFFERENT 
INTERVALS OF STORAGE 


(Results with Commercial-type Formula) 


ist Baking 2nd Baking 3rd Baking 
Age of flour—8 days Age of flour—30 days Age of flour—71 days 


pH of Vol. of pH of Vol. of 


flour layers! flour layers! 


5.53 1005 2 5.29 1130 1 5.30 1005 1 
5.20 1025 1 4.94 1115 1 4.95 1000 1 
4.91 985 3 4.68 1050 2 4.70 1010 1 


pH of Vol. of 


Rank flour layers! 


Rank Rank 


1 Weight of batter 400 grams. 


The following conclusions have been drawn from the results of the 
committee’s work— 


1. A tendency toward a tight grain in cakes from flour of low pH 
value was demonstrated in both the A. A. C. C. formula and the 
commercial-type cake. 

2. Closely knit, tighter-grained cakes are given a higher score 
where the official score card values are used. 

3. Bakers and commercial men are inclined to reverse the ratings 
and give preference to the cakes with larger volumes. 

4. Flours of high pH value improve in baking performance with 
age, while flours of low pH decline. 

5. Confirming former reports, flours increase in acidity with age. 


The members reported large variations in the cake volumes ob- 
tained in baking the same flour on different days. It is thought that 
these variations were caused by factors other than the flour itself. 
Therefore, the committee recommends that a project be planned and 
executed to study the factors affecting volume. 
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REPORT OF 1942-43 METHODS OF ANALYSIS SUB- 
COMMITTEE ON THE DETERMINATION OF IRON 
IN CEREAL PRODUCTS 


M. Howe, Chairman 


Russell Miller Milling Co., Minneapolis, Minn. 
(Read at the Annual Meeting, May 1943) 


In a continuation of the work of the 1941-42 Subcommittee of the 
Committee on Methods of Analysis concerning the determination of 
iron in cereal products (Sullivan, 1943), four samples of cereals, to- 
gether with a standard iron solution prepared from iron wire, were sent 
to 13 collaborators. These samples comprised: (1) an unenriched 
patent flour; (2) the same flour enriched with 5 mg Fe per Ib as ferrum 
reductum; (3) the same flour enriched with 6 mg Fe per Ib as sodium 
iron pyrophosphate; and (4) a whole wheat flour. As in the previous 
study, the collaborators were requested to analyze these samples by 
the a,a’ dipyridyl method, essentially as outlined by Andrews and 
Felt (1941). Ashing of the samples at 550°-600°C and treatment of 
the ash with hydrochloric acid were specified; in addition, three of the 
collaborators also carried out determinations in which the alkaline 
fusion technique was employed in preparing solutions from the sam- 
ples. The results submitted by the 10 collaborators who reported 
data by the specified method are recorded in Table I; the supplemen- 
tary data obtained by the three collaborators who employed alkali 
fusion are shown in Table II. 

A comparison of the summarized results given at the end of Table I 
with those reported last year (Sullivan, 1943), shows that the collab- 
orators are in closer agreement this year but the variations are still 
quite large, particularly in the instance of the whole wheat flour. it 
was suggested that the whole wheat flour might have been contami- 
nated with small pieces of metal from the milling rolls. This was 
confirmed by two of the collaborators who passed a magnet over a 
thin layer of the sample. In view of this observation, whole wheat 
flour and unenriched farina to be employed in future collaborative 
studies should be passed over a powerful electromagnet. 

Two of the three collaborators who employed alkaline fusion in 
preparing the samples for analysis reported results in fair agreement 
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TABLE I 
IRON CONTENT OF CEREAL PRODUCTS AS DETERMINED By 10 COLLABORATORS 
a,a’ dipyridyl method —ash treated with HCl. 
Iron content as Fe (‘‘as is" moisture basis) 
Collaborator no. No. 2 No. 3 
No. 1 Flour Flour No. 4 
Unenriched | With mg per tb | with ¢ mg pet | Whole wheat 
reductum pyrophosphate 
meg/lb mg/lb mg/lb meg/lb 
1 3.6 8.6 10.0 16.3 
2 3.9 8.8 9.9 16.1 
a 4.3 8.4 9.5 18.5 
5 4.3 9.1 9.2 19.3 
6 3.5 8.5 7.9 24.8 
8 3.5 7.3 9.3 15.6 
9 aa 8.5 10.5 19.4 
11 aa 8.7 10.0 17.0 
12 4.1 10.0 iZ.7 15.4 
13 3.6 8.6 9.8 16.2 
Minimum 3.3 7.3 7.9 15.4 
Maximum 4.3 10.0 12.7 24.8 
Mean 3.8 8.6 9.9 17.9 
Percentage of 
collaborators 
agreeing within: 
+ 5% of mean 40 70 50 20 
+10% of mean 70 80 80 70 


with those obtained by acid treatment of the ash. The third col- 
laborator obtained significantly higher results than the other two. It 
is interesting to note that his values for samples No. 2 and No. 3 
exceed the iron content as calculated from the addition of 5 and 6 mg 


TABLE II 


IRON CONTENT OF CEREAL PRODUCTS AS DETERMINED BY THREE COLLABORATORS 
EMPLOYING ALKALINE FuSIoN OF ASH 


Iron content as Fe (‘‘as is’’ moisture basis) 
Collab- 
No. 2 No. 3 
Reagent No. 1 F No. 4 
Unerriched wit yA with 6 mg per Whole 
Fe as ferrum Fe as sodium iron 
flour reductum pyrophosphate wheat flour 
mg/lb meg/lb meg/lb meg/lb 
8 a,a’ dipyridyl Ee 8.4 9.5 16.0 
thiocyanate 3.6 9.1 9.6 16.9 
3 ortho-phenan- 5.0 11.5 12.1 18.7 
throline 
13 a,a’ dipyridyl 3.6 8.4 9.9 16.2 


= 
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per Ib Fe respectively; this indicates that the method was yielding 
erratic results in his hands. 

From the comments of the collaborators and also from our own 
observations, the following precautions are suggested. The dipyridyl 
color is rather slow in developing and it is suggested that the samples 
should stand at least 30 minutes before the readings are made. A 
comment was received from one collaborator stating that the buffer 
was not strong enough to bring the pH to 4.0. The pH on a series of 
whole wheat flours using both hydrochloric acid and sodium carbonate 
was measured and found to vary from pH 4.06 to pH 4.16; these results 
would indicate that the buffer is satisfactory. It is again suggested, 
however, that the volume of the buffer should be increased to 10 ml 
to provide sufficient solution for certain types of colorimeters. 

There still exists a great deal of confusion and doubt concerning 
the loss of iron during dry ashing. We have used wet digestion meth- 
ods numerous times in our laboratory in comparison with dry ashing 
and could detect no loss of iron upon ashing of flours and wheat. This 
fact has been substantiated by several of the collaborators. The prob- 
lem may be more complicated in the case of bread and similar baked 
products. 

Many of the collaborators reported that the iron solution sent out 
with the samples gave a curve identical with that obtained for their 
own standard solution. 

It is recommended that an exhaustive comparison be made on 
various samples of cereals including flour, whole wheat, bread, and 
farina, using both alkaline fusion and acid treatment of the ash 
for the determination of iron by the a,a’ dipyridyl method. It is 
also suggested that comparisons be made between dry and wet ashing 
procedures. 


Acknowledgments 


The members who collaborated in this study were: J. S. Andrews, C. N. Frey, 
Chas. Hoffman, E. Hove, M. Howe, Morris Mead, Wendell Reeder, Oscar Skovholt, 
W. R. Urban, and Lawrence Zeleny. 


Literature Cited 
Sullivan, B. 
1943 Report of methods committee on the determination of iron in cereal 
products. Cereal Chem. 20: 36-38. 
Andrews, J. S. and Felt, Clarence 
1941 The iron content of cereals. Cereal Chem. 18: 819-827. 


| 


REPORT OF THE 1942-43 METHODS OF ANALYSIS 
SUBCOMMITTEE ON THIAMINE ASSAY 


OscaR SKOVHOLT, Chairman 


Quality Bakers of America, New York, N. Y. 
(Read at the Annual Meeting, May 1943) 


During the year, 10 monthly samples have been distributed for 
thiamine determinations. The first sample in July was received by 
29 collaborators and the list increased to 47 for the last sample. Of 
these, 38 used the thiochrome procedure and 9 employed the fermenta- 
tion method. Most of the larger cereal laboratories in the United 
States and Canada were represented. Samples were distributed by 
volunteers among the collaborators and reports were compiled by the 
chairman. One of the collaborators distributed standardized thiamine 
solutions with the November sample and results obtained with this 
standard were compared with those from the solutions regularly used 
in each laboratory. 

Attempts were made to obtain complete records of the technique 
and procedure used in each laboratory. Certain facts were obtained 
with regard to most details of procedure in many laboratories. Com- 
plete records were not obtained of the many variations that have ap- 
parently been adopted in some laboratories. A suggestion for more 
detailed study of these factors is made later in the report. 

Results of the year’s activities were far from satisfactory, although 
it is believed that progress was made in some respects. Some col- 
laborators used their relative standing in the monthly lists as a guide 
to determine the need for careful scrutiny of their own procedures. 
It is hoped that all collaborators will make such a careful study of the 
summarized record as set forth in Table I. This table is a compilation 
of all reported results expressed only as the deviation from the average 
value obtained for that sample by each method. At the right-hand 
side of the table is found the relative number of samples on which each 
collaborator reported values that were above and below the mean. 
The figures do not include the few cases in which the reported value 
exactly equaled the average. 

Since reliable replicated results by bio-assay are not available, the 
average values by the procedures used must be considered as the best 
available measure of the actual thiamine content. Emphasis is placed 
on this matter of average value, since it is recognized that each col- 
laborator who quite consistently tends to be high or low may be con- 
vinced that the average is not correct. It may be stated that several 
laboratories which have extensively studied vitamin-testing methods 
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and whose reputation for general accuracy is of the highest order, are 
included either among those that consistently report well below the 
mean or among those that are equally above the average value. It is 
believed that the method of compiling the results will bring out this 


TABLE I 
COLLABORATORS’ THIAMINE RESULTS EXPRESSED AS DEVIATIONS FROM THE AVERAGE 
(In gamma per gram on as-received moisture basis) 


Wheat fractions 
Enriched bread Enriched flour No. of times 
Coll. | Cereal | Germ 
no. 
July | Jan. | Sept. | Oct. | Dec. | Nov.! | Feb* | Mar. | Apritt | Above | Below 
THIOCHROME METHOD 
1 |— .36/+ .29;,— .17;— .23;— .22;— 2 7 
2 — .20 — .36/+ .14/— .57)4+ .12;— .22) 2 4 
3 — 1.30 — 12;— .17) 90 7 
4 + 10;— .29,— .36;— .11/— .27)/— .89) 2 6 
5 + .46 + .14 2 0 
6 |+ .54/+1.80/— .03)4+ .33)4+ .51/+ .73)4+ .40/+ .73\+ .89) 8 1 
7 |+ .01 — .26;— .74/+ .22;— .27|-— .09 3 4 
8 |— .15)+ .80/— .36/+ .13)— .18/— .08}— 2 7 
9 — 1.40 — .22;— .80) 0O 4 
10 |— .14/—2.50/+ .03/+ .29/4+ .59/— .12/— 4 5 
11 |+ .65/+ .36/— .20;— .35|+ .16;— .03) 4 5 
12 |— .81/+ .04/+ .23 5 3 
13 |— .04/4+ .31/— .52;— .06;— .51 1 7 
14 — .60 — .30/— .22}4+ .04/— 2 5 
15 —1.30)— O1;— .31)— .24/4+ .29/4+ .13) 2 6 
16 + 9.60 — .18/+ .46;— .10) 4 3 
17 |+ .11/+ .60 + 35)+ 30)— .22;— .25;— .29;— 4 4 
18 |— .18)—2.70;\— .02)/— .03;— .04)/— .11 2 7 
19 — A3 0 1 
20 — 2.30 + .19 1 1 
21 —2.50;— .28/+ .37;— .19/4+ .34/+ .75) 4 4 
22 |+ .16/+ .30/+ .17/— .03)4+ .24/+ .06/+ .15 .28}— .05| 6 3 
23 — 60\— .93 — .14 — .33) O 4 
24 17|\+ 1 1 
25 |+ .52|+2.70 + .36/4+1.17;,— .61) 5 
26 .07|—1.60 .31/— .23);— .50 0 6 
27 j— .30/+ .34/4+ .54/+ .09/— .10/+ .02)/4+ .02/+ .08) 7 2 
28 |— .40/+ .80 40/— .02;— .10/4+ .34)— 2 7 
29 +4.10 + .30/+ .21)4+ .25)— .03\4+ .71| 5 1 
30 10)— .32;— .08}— .02;— .03/4+ .02)/— .07) 1 8 
31 |— .26;— .70\4+ .13/— .15)— .14;— .06/+ .52) 4 5 
32 |+ .01/+1.00)+ .09/+ .13 — .27;\— .16;+ .59) 6 2 
33) |— .15)—2.90/+ .02;— .05|— .02;— .14;— .04)— .20) 2 7 
34 |+ .72/—1.30/4+ .02;4+ 41;/— .16/+ .16/+ .14/+ .16) 6 3 
35 |+1.10)— .70)+ .32)— .54 .34/4+ .51/+ .36) 5 3 
36 + .28)\— .23 .11/+ .09)4+ .25) 4 4 
37) .02/4+2.90)— .27/— .65)— .11;— .26;— 3 6 
47 + .03) 1 0 
Mean| 2.67} 26.50) 2.58) 3.52) 3.37} 3.86) 3.85) 4.04) 5.37 
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TABLE I—(Continued) 


Wheat fractions 
Enriched bread Enriched flour No. of times 


Coll. | Cereal | Germ 
no. 


Above | Below 


July Jan. Sept. | Oct. Dec. | Nov.! | Feb.? | Mar.* | April# nen | meen 


FERMENTATION METHOD 


38 |+ .69 + .33|— .48 1 
39 |— .42;—2.00/— .06/+ .04/+ .06;— .28/— .14;— .18/— .66) 2 7 
40 — 1.70 — .04/+ .02 1 2 
41) |+ .23)+3.20|+ .13)+ .37/+ .78|— .36|— .06;— .12/+ 6 3 
42 — .14;— .12 + .17 — 2 4 
43 |— .19/+ .70}— .33}— .24/— .03;— .09|— .01/+ .50) 3 6 
44 [+ .13/+2.30/+ .53)+ .13/+ .20)— .02;— .04/+ .32) 7 2 
45 |— .90 — .04 + .76 + .01/—1.05| 2 4 
46 |+ .06\— .90/— .44;— .84)— .88)— .16/+ .11/4+ .24) 4 


Mean} 2.72) 27.60) 2.54) 3.63) 3.22} 3.96) 3.99) 4.12) 5.46 


1 Values obtained on ordinary enriched flour using distributed sample of thiamine solution for 
reference. 

2 Ordinary enriched flour. 

Tiboflavin, thiamine, niacin, and iron at the newly-proposed higher levels 
for enriched flour. 
fact. It seems advisable for each collaborator to note in particular 
how many times the reported results from his or her laboratory were 
above or below the mean and the magnitude of the differences. It is 
believed that next year’s committee should carefully compare the 
procedures in use in a few of those laboratories that were consistently 
high with those that were low, in attempting to determine the reason 
for such consistent differences. 

Many collaborators show no consistency as regards relationship to 
average value. This may indicate the need for further standardization 
of technique in many cases. It seems that precision in every opera- 
tion is essential to obtain reproducible results. It should be pointed 
out, however, that replicate results as occasionally reported by col- 
laborators show much less variation than is evident when comparing 
averages between laboratories. Another reason for a lack of consist- 
ency throughout the year in the results of some collaborators when 
compared with the mean, is the fact that improvement in technique 
was stimulated by the monthly reports. Sources of error were found 
which were corrected in later determinations. 

It would be pleasant to be able to report that such stimulation 
caused a marked increase in accuracy during the course of the year, 
but the progress made was relatively minor, or it might even be de- 
bated whether any improvement was shown. Monthly reports have 
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indicated the range of results by each method and have shown the 
number of collaborators agreeing within plus or minus 5% and 10% 
of the mean value. A better measure of degree of agreement is un- 
doubtedly obtained by statistical analysis. Coefficients of variability’ 
have been calculated for results on nine of the samples distributed 
during the year. It should be mentioned that one sample of yeast 
distributed in August caused considerable difficulty in most labora- 
tories, owing to lack of experience with such material. One collabora- 
tor with considerable experience in the assay of such material men- 
tioned that the character of this sample was far more variable than 
any yeast previously examined. Results reported were so widely 
variable that it seems inadvisable to include them in this report. 

The extent of agreement of results, as indicated by coefficients of 
variability, on the other nine samples as obtained by thiochrome and 
fermentation methods will be found in Table II. The samples are in 


TABLE II 
AN ANALYSIS OF THE PRECISION OF THIAMINE ASSAYS 


Wheat fractions 


Enriched bread Enriched flour 


Cereal | Germ 


July Jan. Sept. Oct. Dec. | Nov.' | Feb.? | Mar.* | April 


THIOCHROME METHOD 


No. of Coll. 22 33 28 29 30 33 33 32 33 
Mean Thiamine, ug/g} 2.67| 26.5 | 2.58) 3.52) 3.37) 3.86) 3.85) 4.04] 5.37 
Coeff. of Var. % 15.2 | 9.7 |14.6 |17.2 |11.4 |106 | 7.0 | 69 | 7.6 


FERMENTATION METHOD 


No. of Coll. 7 8 7 7 6 8 5 6 7 
Mean Thiamine, ug/g) 2.72 | 27.6 2.54| 3.63] 3.22! 3.96] 3.99} 4.12] 5.46 
Coeff. of Var. % 15.2 6.8 | 13.8 | 12.1 | 16.5 9.7 2.6 5.0 | 11.1 


‘ Values obtained on ordinary enriched flour using distributed sample of thiamine solution for 
reterence. 

? Ordinary enriched flour. 

* Phosphated enriched flour. 

* This sample contained riboflavin, thiamine, niacin, and iron at the newly-proposed higher levels 
for enriched flour. 
three groups, namely, wheat fractions, enriched bread, and enriched 
flour. The wheat fractions group includes a cereal and a wheat 
germ sample. Three samples of enriched bread are included and four 
samples of enriched flour. The March sample was a phosphated en- 
riched flour and the April sample contained riboflavin, thiamine, 


niacin, and iron at the newly-proposed, higher levels. The table also 


| | | | | | | 
| i | | 
| 
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includes data on number of collaborators reporting in each case and the 
average value as obtained. 

The latter figure is included primarily since another contribution 
at this convention! will show that coefficients of variability are usually 
lowest when the sample analyzed is high in thiamine potency. This 
is probably true when dealing with similar materials, but in the case 
of this series, it seems evident that type of sample tested is most 
important. 

The relatively high coefficient for the cereal sample may partly be 
due to the fact that it was the first in the series. The enriched bread 
samples average higher in variability than the flours. It has been 
previously pointed out that this may be due to unsolved extraction 
problems. The last of this series produced results with least vari- 
ability by the thiochrome method but with greater error than on the 
other two samples when using the fermentation procedure. Some im- 
provement in precision was shown on enriched flours when using the 
thiochrome method except in the case of the last sample. The slightly 
increased coefficient in this case was probably accidental and may have 
no relationship to the inclusion of riboflavin and higher levels of other 
factors. It is not known whether the sharp increase in variability 
when using the fermentation method on this material as compared 
with the excellent agreement shown on February and March samples 
indicates some disturbance of other materials added to the flour, but 
this does not appear to be likely as judged by the agreement between 
this mean value and that for the thiochrome method. The January 
wheat germ sample was analyzed with fair accuracy but no better 
than the average shown on flour samples in spite of the higher potency 
of this material. It is evident that the mean values and coefficients of 
variability are quite similar for the thiochrome and fermentation 
methods. Considering the entire series the average coefficient of 
variation for the thiochrome method is 11.1% as compared with 10.3% 
for the fermentation procedure. 

No listing is made of results obtained when collaborators’ own 
standard solutions were used in testing the November sample. The 
values given are those obtained when using the distributed standardized 
thiamine. The effect of this uniform standard was relatively small. 
Nearly all collaborators found their own solutions to be similar to the 
standard in concentration. The coefficient of variation for the thio- 
chrome method was 11.4% when using their own solutions as com- 
pared with 10.6% for the standardized thiamine. 

The strength of thiamine standard is a factor in variability but 


_ ! Hildebrand, F. C., and Geddes, W. F. The experimental error of the thiochrome method for 
thiamine assay. (To be published in a subsequent issue of this Journal.) 
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other sources of error may be more important. Careful timing of all 
operations in the later stages is essential when using the thiochrome 
method. With some bread samples in particular, it seems that type 
of enzyme and pH of medium are important in obtaining full extrac- 
tion. This seems to be more critical in certain laboratories than in 
others for some unknown reason. The question of optimum ferri- 
cyanide level as it applies to the standards and the sample has not 
been settled. It seems evident that excess of ferricyanide lowers 
galvanometer readings, but the question remains as to whether or not 
this cancels out when using the same fixed amounts for the standard and 
the unknown. Some evidence indicates that the amount recom- 
mended in published procedures causes more of an excess and a greater 
lowering of readings with the standard than when introduced into 
samples of certain materials. It seems that more studies should be 
made to determine the minimum amount needed to produce maximum 
fluorescence in the standards and in samples of various materials. In 
the fermentation method, the large variability in sulphite blanks is 
difficult to explain. The blanks have not been listed in this summary 
but on most samples the highest blank was as much as 4 or 5 times the 
lowest one reported. 

These suggestions are made with no pretense at covering all critical 
steps in thiamine determinations. Actual studies of procedure can 
best be made in one or only a few cooperating laboratories. It is felt 
that the data obtained may serve as a guide in selecting laboratories 
for a careful comparison of procedures. Such comparisons cannot be 
thoroughly enough made by merely comparing written details of 
method. It may be necessary to watch every move by two different 
analysts to determine why their results are consistently different. It 
is suggested that collaborators with high and low averages might 
profitably visit each other to observe methods in use, if this is necessary 
to uncover the reason for differences. The person assigned to the 
task of studying methods and uncovering the reason for consistent 
differences should be one well versed in the actual determination and 
one whose major interest is in thiamine assay so that all literature on 
the subject is closely followed. Your present chairman does not 
measure up to these requirements. 

The specific recommendation made at present is to have someone 
assigned to this critical comparison of thiamine assay methods in a 
limited number of laboratories. It is difficult to make recommenda- 
tions on the subject of continuing monthly check samples as in the 
past year, and if this is done it should be supplementary to an intensive 
study of methods. There is a real demand for such service and it 
may serve a useful purpose. Possibly some simplified system for 
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handling samples and reports could be adopted in order to reduce the 
burden of this assignment. Some fee might be charged to cover ex- 
penses or it might become an activity of certain local sections. It is 
advisable to give consideration to the use of any check-sample system 
for determinations of all vitamin and mineral factors of current interest 
in cereals instead of limiting the checking to thiamine only. This 
would have particular advantages if proposed methods for the use of 
the same extract in the determination of several vitamins should 
prove practical. The matter of the future of such collaborative check- 
ing is left in the hands of the association officials without definite 
recommendation, although further specific studies of methods in use 
is urged as highly desirable. 


REPORT OF 1942-43 METHODS OF ANALYSIS 
SUBCOMMITTEE ON RIBOFLAVIN ASSAY '! 


Joun S. ANDREWs, Chairman 


General Mills, Inc., Research Department, Minneapolis, Minnesota 
(Read at the Annual Meeting, May 1943) 


This report deals with a continuation of collaborative studies of 
riboflavin assay methods inaugurated a year ago. Its purpose is to 
evaluate further the procedures designed for the determination of 
riboflavin in cereal products. In planning this continued study, at- 
tention has been focused primarily upon the problems presented by 
the expectancy that riboflavin will shortly become one of the required 
ingredients of enriched flour. 

Early this year, letters were sent to some 35 qualified laboratories 
requesting their cooperation in studying riboflavin assay procedures. 
Thirty-one of these laboratories indicated their desire to participate in 
the program. Most of them indicated their willingness to test the 
submitted procedure, and all agreed to submit assays of the cereal 
samples. 

In order to simplify this collaborative work as far as possible, only 
one method was presented. This was a fluorometric procedure similar 
to that employed in the committee’s earlier activities (Andrews, 
1943). Selection of a fluorometric rather than a microbiological pro- 
cedure was made since the speed of the former makes it more adaptable 
to the requirements of control assays. 

In presenting this method the collaborators were asked to observe 
particularly two factors which appeared to have an important bearing 
upon the results. One of these pertained to the use of acid extraction 


1 Paper No. 49, Journal Series, General Mills, Inc., Research Department. 
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to liberate any combined forms of riboflavin. The second involved 
the question of sample size. Work carried out in the writer’s labora- 
tory has suggested that the quantity of sample taken for assay has a 
significant bearing on the results, the values decreasing with increasing 
size. For this reason, small samples were recommended, and wherever 
concentration of the extracts was required it was suggested that larger 
aliquots be passed through the “‘florisil."”. Details of the collaborative 
procedure are presented below: 


FLUOROMETRIC PROCEDURE FOR RIBOFLAVIN ASSAY 


REAGENTS: 
(1) Sulfuric acid solution, 0.1N 
(2) Trisodium phosphate solution, 6.5% NasPO,-12H,0 
(3) Potassium permanganate solution, 4% (freshly prepared) 
(4) Hydrogen peroxide solution, 3% 
(5) Florisil, 60-100 mesh (Floridin Co., Warren, Pa.) 
(6) Pyridine acetic acid solution, 20% pyridine in 2% acetic acid solution 
(7) Sodium fluorescein stock solution, 10 mg/1000 ml. (10 ug/ml) 
(8) Sodium fluorescein dilute solution, 0.1 ug/ml 
(9) Riboflavin standard solution, 1.4 yg/ml in pyridine acetic acid solution 
(reagent 5) 

(10) Acetic acid, glacial 
SPECIAL APPARATUS: 

(1) Adsorption columns; overall length 160 mm; bottom constriction, 2 mm inside 
diameter X15 mm long; column, 10 mm inside diameter X95 mm long; bell-shaped 
top, 40 mm inside diameter X50 mm long. 

(2) Fluorophotometer 
(3) Cylinders, glass stoppered, graduated to 25 ml 


SAMPLE SIZES: 


Whole wheat flour 15g 
Patent flour 5 g 
Fortified patent flour 1 g 
Fortified white bread 1 g 


PROCEDURE: 

Suspend the above quantity of sample in 50 ml 0.1N H.SO, and autoclave at 
15 lb pressure for 15 minutes. Cool. Add 12 ml of 6.5% Na3;PO, solution and 2 ml 
of glacial acetic acid. Dilute to 100 ml with distilled water and filter through No. 1 
Whatman filter paper discarding the first few ml of filtrate. 

To an aliquot (75 ml for patent and whole wheat flours, 50 ml for fortified flour 
and bread) of extract containing between 1 and 3 yg of riboflavin add 1 ml of per- 
manganate solution, allow to stand 1 minute and add 1 ml of 3% H.Q: solution or 
enough to decolorize. 

Prepare the adsorption column by first placing a wisp of cotton in the bottom 
and then adding florisil to a height of about 1 to1'%4 inches. Wash once with 5-10 ml 
of distilled water. 

Add the decolorized extract to the column and allow it to flow through by gravity. 
Wash the florisil twice with 5-10 ml portions of distilled water and then dry by draw- 
ing air through for a few seconds. 

Elute the adsorbed riboflavin by passing 20 ml of pyridine acetic acid solution (6) 
through the column. Collect the eluate in the 25 ml graduated cylinder and make 
up to 20 ml with the pyridine acetic acid solution. Mix thoroughly. 

Standardize the fluorophotometer by setting the galvanometer scale to zero with 
the pyridine acetic acid solution (6) in the cuvette. Next set the galvanometer de- 
flection for 25 ? by means of the diaphragm using the dilute fluorescein standard (8).* 


? Applies to Pfaltz and Bauer instrument. ; 
* Fluorescein varies in purity; in some instances only half this concentration is required to give a 
deflection of ca 25 when the diaphragm is one-half to two-thirds open. 
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Place 14 ml of the eluate in the cuvette and note the deflection (A). Add 1 ml of the 
riboflavin standard to the unknown in the cuvette and again note the deflection (B). 
Stir a few grains ‘* of sodium hydrosulfite into the unknown in the cuvette and observe 
the deflection (C). Just before making each reading check the light intensity with the 
or fluorescein standard and adjust the diaphragm to give a galvanometer reading 
of 25. 


CALCULATION: 
A —1.07C 


107B a X EF X DF 


Riboflavin, ug/g * = 

Four samples of cereal products were submitted. These were whole 
wheat flour, patent flour, patent flour to which had been added 2.64 ug 
of pure riboflavin per g, and bread made from this enriched flour. 
The bread sample contained riboflavin supplied by the enriched flour, 
and in addition, approximately 0.4 ug/g of riboflavin (air-dried basis) 
derived from 2% of yeast. 

Results are now available from 18 of the collaborators. Thirteen 
of the participating laboratories employed the fluorometric procedure 
described by the committee and in addition some of them used other 
fluorometric methods. Eight laboratories reported microbiological 
values derived from several modifications of the original Snell and 
Strong (1939) procedure. 


Discussion of Results 


Figure 1 reveals the assay values reported for the sample of patent 
flour by both fluorometric and microbiological methods. It will be 
noted that the average obtained by the fluorometric procedure is con- 
siderably below that obtained microbiologically (that is, 0.32 as against 
0.50 ug/g). This tendency on the part of the microbiological method to 
produce higher values was observed throughout the collaborative 
study. The histogram reveals a rather wide scattering on the part of 
the individual assays, since the values ranged from a low of 0.1 toa 
high of nearly 0.9 ug/g. While in such a product as patent flour the 
low riboflavin content could be expected to present difficulties for ac- 
curate assays, the present discrepancies must be considered excessive. 
Because of the known tendency of the microbiological method to 
produce high results, due to difficulties in removing nonflavin growth- 
promoting substances, it is believed that the average of the fluorometric 
assay in this instance is closer to the true riboflavin value. If we omit 
the two microbiological values which fall between 0.7 and 0.9, the 
microbiological average is slightly less than 0.4 ug/g, a figure in much 
closer agreement with that obtained fluorometrically. On the other 


4 Just sufficient to destroy the greenish-yellow fluorescence. , 

5 1.07 is the correction factor necessitated by the increase in volume caused by adding the standard. 
EF is the elution factor or ratio between the final volume of eluate and volume of extract passed through 
the ~~, DF is the dilution factor or ratio of the total volume of the extract to the weight of the 
sample. 
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hand, the largest number of fluorometric values fell within the range 
of 0.1 to 0.2 ug/g, and while these values are believed to be excessively 
low, there are no adequate reasons to substantiate this belief. 


PATENT FLOUR AVERAGE 
ug 

microsiovosical 
8 
32 
« 
21 
: | | 
z 

2-3 3-4 4-5 5-6 6-7 8-9 

ASSAY VALUES — Micrograms per gram 
Fig. 1. Distribution of collaborators’ riboflavin values for unenriched patent flour as determined by 


fluorometric and microbiological methods. 


Figure 2 represents the collaborators’ values obtained when pure 
riboflavin was added to the patent flour. Once again, the microbio- 
logical value (3.15) exceeds the fluorometric (2.62 ug/g). This dis- 
crepancy amounts to about 20%. On the other hand, there is much 


8 RIBOFLAVIN FORTIFIED FLOUR 


N 


AVERAGE 
RIBOFLAVIN 

09/9 

FLUoROmETRIC 2.62 


Di 3.15 


a 


uw 


NUMBER of COLLABORATORS 


5-10 10-15 15-20 20-25 25-30 30-35 35-40 40-45 45-50 
ASSAY VALUES Microgroms per gram 


Fig. 2. Distribution of collaborators’ riboflavin values for patent flour enriched by the addition of 
2.64 ug pure riboflavin per g. 
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better grouping of the fluorometric values since the majority of these 
assays fell within the range of 2.5 to 3 ywg/g. The microbiological 
values tended to be more widely scattered and once again tended to- 
ward higher figures. 

By studying the assays of each collaborator for the patent and 
fortified flours it is possible to evaluate the results on the basis of the 
recoveries of the added riboflavin. These recovery data are shown in 
Figure 3. It will be noted that the average recovery in percent defi- 


NUMBER OF COLLABORATORS 


below 60 60-70 70-80 80-90 90-100 100-10 110-20 [20-130 above 
PERCENT RECOVERIES— FLOUR 


Fig. 3. Distribution of percentage recoveries of riboflavin added to patent flour obtained by different 
collaborators employing fluorometric and microbiological methods. 


nitely favors the microbiological procedure, since it is quantitative, 
while in the instance of the fluorometric method the recovery is only 
87%. One must be extremely cautious, however, in drawing sig- 
nificant conclusions from these observations. A study of the distribu- 
tion of the collaborators’ results reveals considerably greater disagree- 
ment in the instance of the microbiological method. As in the instance 
of the patent flour, two excessively high microbiological values ac- 
counted largely for the excellent average recovery. For this reason, 
it is believed that the microbiological findings must be regarded as 
entirely fortuitous until better agreement between laboratories can be 
achieved. Despite the fact that the recoveries obtained fluorometri- 
cally are somewhat low, the better distribution of individual values 
would appear to favor this type of procedure. 

The results of an examination of another sample of flour containing 
added riboflavin was afforded by the April check sample of the Sub- 
committee on Thiamine Assay. Figure 4 presents the assay values 


Sept, $948 
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reported by 14 collaborators using fluorometric procedures. While 
the degree of unanimity between these 14 collaborators fails to reach 
the desired goal, it is perhaps encouraging to note the absence of 
widely divergent assays. This is particularly true when one considers 
that 50% of the values fell within a range of +5%, and practically 
two-thirds of the collaborators agreed with +10%. 


6 
THIAMINE — RIBOFLAVIN 
COLLABORATIVE SAMPLE AVERAGE = 3.02 U9/9 
5} ENRICHED FLOUR (65% within + 10%) 
x4 
: 
33 


20-25 25-30 30-35 35-40 
ASSAY VALUES — Microgroms per gram 


Fig.4. Distribution of riboflavin values obtained by 14 collaborators using fluorometric procedures 


in assaying a sample of patent flour enriched with thiamine and riboflavin (April check test sample of 
Subcommittee on Thiamine Assay). Quantity of riboflavin added was 2.64 ug pure riboflavin per g. 


The fluorometric methods employed by these collaborators were 
quite varied and incompletely described. They include the fluoro- 
metric procedure employed in last year’s collaborative study, other 
modifications of the Conner-Straub (1941) procedure, and several 
so-called ‘‘chemical methods’’ developed in individual laboratories. 
This heterogeneity has prevented any accurate evaluation of the several 
fluorometric techniques represented. One of the future problems of the 
collaborative committee will be the evaluation of the various fluoro- 
metric procedures and standardization of the one which promises to be 
the most satisfactory. 

Dr. Visser’t Hooft, who prepared these samples, informs me that 
they were made by adding 2.64 ug/g of pure riboflavin. If we assume 
that the base flour originally contained between 0.3 and 0.4 ug/g, it 
will be noted that the average of 3.02 ug/g represents a very satis- 
factory recovery. 

Figure 5 shows the results obtained from the assays of the fortified 
bread. The average obtained microbiologically exceeds the fluoro- 
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metric by approximately 15%. The tendency toward better grouping 
on the part of the fluorometric values would appear to favor this 
procedure, at least from the standpoint of reproducibility in different 
laboratories. However, there is considerable spread in both pro- 
cedures, and cognizance should be taken of the fact that the number 
of microbiological values is considerably less than of the fluorometric. 
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a4 
83 
3 
32 
z 
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Fig. 5. Distribution of collaborators’ riboflavin values for bread made from patent flour (enriched 
with 2.64 wg of pure riboflavin per g and approximately 0.4 ug riboflavin per g derived from yeast), 
as determined by fluorometric and microbiological methods. 

Figure 6 reveals the percentage of recoveries based on the amount 
of riboflavin added to the patent flour both as crystalline material and 
in the form of yeast. In presenting these recovery values, it has been 
assumed that no measurable loss of riboflavin occurred during baking. 
Once again it will be noted that the best recovery was obtained in the 
instance of the microbiological method, since 98% of the added ribo- 
flavin was registered by the assay average. The recovery by the 
fluorometric procedure was essentially the same as that observed in 
the fortified flour. A study of the distribution of the assay values 
suggests that, on the average, bread offers greater difficulties. The 
fairly favorable average recovery appears to be attributable to a 
fortuitous balance between the excessively high and excessively low 
values from several individual laboratories. The available data do not 
reveal the cause of this discrepancy. 

The wide divergence in the instance of the microbiological values 
and the distribution of these values is far from satisfactory. In the 
instance of the high microbiological values shown here, two of the 
three participating laboratories also employed fluorometric procedures. 


pia 
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One of these obtained excellent agreement between the fluorometric 
and microbiological assays, while the other reported fluorometric 
values which were much lower and closer to the fluorometric average. 

A study of the assays reported by the individual laboratories 
reveals that in most instances there is a tendency to be consistent in 
all of the samples. Laboratories which appear to be low in the in- 
stance of the fluorometric determinations should give attention to the 
step employing adsorption on “‘florisil.””. A recent experience suggests 
that this operation may be one possible source of error. The case at 
point concerns an analyst who was obtaining quite satisfactory 
fluorometric assays, as based on recoveries, and who for some unknown 
reason suddenly began to experience extremely low values. Exami- 


ASSAY AVERAGE 
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Fig. 6. Distribution of percentage recoveries of riboflavin in the analysis of bread made from en- 
riched patent flour. Recoveries are based on the amount of riboflavin added to the patent flour both 
as crystalline material and in the form of yeast, assuming no loss during baking. 
nation of the problem revealed that, at this point, he had changed 
from an old batch of “‘florisil’’ to a new supply. When tested with 
pure riboflavin the new lot of adsorbent gave practically quantitative 
assays, but when added to cereals the quantitative aspects were en- 
tirely lost. Upon returning to some of the initially used “‘florisil,”’ 
no difficulty was experienced. It would thus appear that the difficulty 
could be attributed to variations in ‘‘florisil,’’ and for this reason it is 
recommended that those analysts who experience low recovery values 
carefully examine this adsorption step. This examination should 
include not only the use of a pure riboflavin solution, but also a cereal 
extract to which known quantities of riboflavin have been added. 
In this way the question of the efficiency of the ‘‘florisil’’ adsorption 
can be established. 


: 
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In the present collaborative study, there has been some indication 
that this same situation may prevail in other laboratories. Two of 
the collaborators carried out recovery experiments in addition to those 
represented in the samples and reported exceedingly low values. One 
collaborator was inclined to attribute this to the effect of heating, 
since when using a boiling water bath for the extraction he obtained 
much higher recoveries than with the autoclave. While the heating 
may have had some indirect effect on the adsorption, it is entirely 
possible that the quality of the ‘‘florisil’’ itself was not entirely 
adequate. 

Figure 7 shows the collaborators’ data for the sample of whole wheat 
flour. Once again the average microbiological value is considerably 
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Fig. 7. Distribution of collaborators’ riboflavin values for whole wheat flour, as determined by 
fluorometric and microbiological methods. 


higher than the fluorometric. The groups of the individual values 
show better distribution for those measured by the fluorometric pro- 
cedure. Two outstandingly high microbiological values account for 
practically all the discrepancy between the two types of assay pro- 
cedures. It should be noted that this tendency toward high micro- 
biological values is not entirely universal, since several collaborators 
obtained assays which must be considered too low. 

Some of the collaborators carried out a fairly extensive study of 
their observations, and have made definite contributions in the way 
of comments and suggestions. One difficulty which was observed by 
several laboratories concerned the clarity of the extracts. The sample 
of bread, in particular, appeared to filter with considerable difficulty 
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and produced cloudy filtrates. It is suggested that those who en- 
counter such difficulties should pay particular attention to the acidity 
of their extracts, since pH control will go a long way toward alleviating 
this difficulty. 

There is still some question about the quantity of hydrosulfite 
which should be employed for reducing the riboflavin. There seems 
to be no question about the necessity of using limited quantities, since 
excessive amounts have an adverse effect. One collaborator recom- 


TABLE I 
SUMMARY OF COLLABORATIVE RIBOFLAVIN ASSAYS BY THE FLUOROMETRIC METHOD 


Riboflavin in ug/g Recovery of added riboflavin 
Collaborator 
uele % % 
A 0.32 2.86 3.05 1.13 2.54 96 | 2.73 90 
B 0.34 2.60 2.96 1.07 2.26 85 | 2.62 86 
Cc 0.43 3.01 3.54 1.61 2.58 98 | 3.11 | 102 
D 0.34 2.59 3.13 1.50 2.25 85 2.79 92 
E 0.44 2.72 3.23 1.59 2.28 87 | 2.79 92 
F 0.68 3.50 4.90 2.10 2.82 | 107 | 4.22 | 139 
G 0.26 2.61 3.12 1.18 2.35 89 | 2.86 94 
H 0.11 2.57 1.79 1.10 2.46 93 1.69 56 
I 0.20 2.69 2.88 0.96 2.49 94 | 2.68 86 
J 0.18 2.20 2.71 0.69 2.02 77 2.53 83 
K 0.13 0.81 0.84 0.36 0.68 26 | 0.71 23 
L 0.10 1.85 2.32 0.43 1.75 66 | 2.22 73 
M 0.70 4.06 4.75 2.49 3.36 | 127 | 4.05 | 133 
Mean 0.32 2.62 3.01 1.25 2.30 87 2.69 88 
Minimum 0.10 0.81 0.84 0.36 
Maximum 0.70 4.06 4.90 2.49 


The following results were obtained too late to be included in the tabulation 
on which the graphs were based 


R | 0.13 | 2.29 | 2.61 | 0.74 | 2:16 | 82 | 2.48 | 82 


mends dissolving the hydrosulfite in pyridine and using two drops of 
this fresh solution (5%) in place of the solid. 

Several collaborators confirmed the writer’s observations that 
increased assay values accompanied the use of smaller samples and 
that acid extraction gave somewhat higher values than those obtained 
by extraction with water. 

One collaborator suggested that the photosensitive nature of ribo- 
flavin would result in a loss between the initial reading and that ob- 
tained after adding pure riboflavin. Any prolonged exposure of the 
solution to the incident light should, of course, be avoided, and with 
proper precautions this does not seem to be a serious problem. 


| 
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Several collaborators reported that bubbles resulting from decom- 
position of hydrogen peroxide interfered during the adsorption. This 
can be considerably eliminated by allowing the extract to stand 15 to 
20 minutes prior to the adsorption step, or perhaps brief heating would 
be adequate. This phase has not been explored, since it has never 
appeared to offer a major difficulty. 

The desire for increased speed in carrying out the fluorometric 
method has been expressed from several quarters. In the writer’s 


TABLE II 
SUMMARY OF COLLABORATIVE RIBOFLAVIN ASSAYS BY THE MICROBIOLOGICAL METHOD 
Riboflavin in ug/g Recovery of added riboflavin 
Collaborator 
Patent Fortified | Fortified | Whole wheat Flour Bread 
jour jour bread our 
ugle % % 
A 0.56 2.73 2.98 151 2.17 82 | 2.42 80 
D 0.34 2.73 2.78 $.Si 2.39 90 | 2.44 80 
N 0.24 1.99 2.38 0.84 1.75 66 | 2.14 70 
E 0.79 4.70 5.40 4.90 3.91 148 | 4.61 | 152 
F 0.86 4.35 4.57 2.33 3.49 | 132 | 3.71 | 122 
O 0.23 1.97 2.45 1.03 1.74 66 | 2.22 78 
P 0.58 2.91 3.01 1.37 2.33 88 | 2.43 80 
Q 0.40 3.80 4.20 1.20 3.40 | 128 | 3.80} 125 
Mean 0.50 3.15 3.49 1.84 2.65 | 100 | 2.99 98 
Minimum 0.23 1.97 2.38 0.84 
Maximum 0.86 4.70 5.40 4.90 


The following results were obtained too late to be included in the tabulation 
on which the graphs were based 


S 0.40 3.10 3.40 1.33 2.70 | 102 | 3.00 | 99 
T 0.43 1.80 1.80 1.20 1.37 52 | 1.37 45 
U 0.44 2.27 3.05 1.20 1.73 66 | 2.61 86 


laboratory a few experiments have considered the possibility of omit- 
ting the permanganate treatment. While this study has not been 
sufficiently complete to justify specific recommendations, it appears 
possible that in the case of enriched flour such omission can be satis- 
factorily made. However, for the assay of bread, the oxidation treat- 
ment must be carried out; otherwise, excessively high values will 
normally result. 


Summary 


The assay results reported by 18 collaborators for four samples of 
cereal products are summarized in Tables I and II. Table I consoli- 
dates the data derived by fluorometric methods and Table II the re- 
sults obtained by the microbiological procedure. These data are the 
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basis of the several figures presented in the discussion section of this 
report. 

Comparison of the average results obtained by microbiological and 
fluorometric methods shows that the former tends to given somewhat 
higher and more erratic results. To a considerable extent, however, 
this difference is due to one or two excessively high microbiological 
values. Based on riboflavin recoveries, both methods appear to be 
capable of performing fairly satisfactorily. There is, however, too 
wide a spread between the values from some of the laboratories. The 
available data do not reveal the cause of these discrepancies. 

It is particularly difficult to draw definite conclusions in view of the 
close agreement observed by several laboratories for some of the 
samples and the wide variance for the others. Thus, for the micro- 
biological method four laboratories reported practically identical 
values for the patent (0.40 to 0.44 ug/g) and whole wheat (1.20 to 1.33 
ug/g) flours, while at the same time their values for the fortified flour 
and bread covered a range greater than two-fold, recoveries varying 
from 52 to 128% and 45 to 125%, respectively. Only one of these four 
laboratories recovered quantitatively the amount of added riboflavin. 
Why should their techniques perform apparently satisfactorily on 
natural products and fail on those which had been fortified? 

Throughout all the collaborative results there is a marked tendency 
for both fortified products to exhibit the same discrepancies. Labora- 
tories obtaining poor recoveries for the flour almost invariably obtained 
similar results for the bread. The same trend was observed when 
recoveries were excessively high. It would appear that the problems in 
assaying these two types of products are essentially similar. 

On the basis of the above collaborative findings, it is recommended 
that the individual analysts give particular attention to the assay of 
fortified products noting their ability to ‘“‘recover’’ added riboflavin. 
While this will not prove that the magnitude of their assays is correct, 
it will at least aid materially in guiding their assay techniques. Pres- 
ent procedures should not be condemned until failure to obtain good 
recoveries by carefully following the prescribed procedure has been 
adequately demonstrated. It is recommended that future collabora- 
tive activities focus their major consideration on those parts of the 
procedures which present greatest possibilities for error. 
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THE CORRELATION OF MIXOGRAMS WITH 
BAKING RESULTS! 


Joun A. Jounson, C. O. SWANSON, and E. G. BAYFIELD 


Kansas State College, Manhattan, Kansas 
(Read at Annual Meeting, May 1942) 


Recent developments in the determination of physical properties of 
flour doughs have centered on mechanisms that measure changes in 
the combined effects of elasticity, plasticity, and viscosity as functions 
of continuous mixing. The National-Swanson-Working recording 
dough mixer or mixograph is such a mechanism. Curves from the 
mechanism are called mixograms (Swanson and Johnson, 1943). 
Several workers have demonstrated the usefulness of recording dough 
mixers in studying the physical properties of doughs and have at- 
tempted to associate these properties with the baking quality of flour. 
While these researches have contributed knowledge of the relationship 
of physical properties of doughs to other quality factors, no systematic 
and statistical study relating mixogram characteristics directly with 
baking results has been reported. The study reported here was de- 
signed with that purpose in mind. 


Review of Literature 


American cereal chemists have contended that, to be of value, the 
results of physical methods of testing flour quality must be highly 
1 Contribution No. 97, Department of Milling Industry. Condensed from a thesis submitted by 


John A. Johnson to the graduate faculty, Kansas State College, in partial fulfillment of the require- 
ments for the degree of Master of Science. 
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correlated with baking results. Geddes, Larmour, and Mangels (1934) 
stated that interpretation of results of physical tests for measuring flour 
qualities must be based upon baking results in order to be acceptable to 
American chemists. Malloch (1938) also contended that interpreta- 
tion of recording dough mixer curves must be associated with baking 
results. Swanson and Working (1933) stated that results from a large 
number of flours from different wheat classes would be necessary to 
establish the relationship between curve characteristics and baking 
quality. 

An interpretation of mixogram characteristics in the light of phys- 
ical and baking properties was given by Swanson and Clark (1936). 
The dough development time was accepted as indicative of the amount 
of mixing required to develop a dough to optimum consistency. The 
height was found to increase directly with increasing protein content 
and inversely with increasing absorption. The width of the curve at 
the peak was thought to indicate elasticity. Swanson (1940) later 
modified this interpretation of curve width, because he found that a 
starch-water system gave a wide band. This agrees with the findings 
of Markley (1937). Curves exhibiting a small rate of dough weakening 
upon being overmixed were thought to possess the greatest tolerance 
to overmixing. 

Swanson (1936), in a study of the relationship of curves to quality 
in wheat varieties, concluded that mixograms with a small area under 
the curve and a rapid breakdown following the peak indicate low mix- 
ing tolerance, and that curves with broad tops and amplitudes that 
persist beyond the peak indicate good bread flours. Because curves 
have characteristics that are functions of varietal differences, he sug- 
gested that preliminary testing of new varieties be made by means of 
the mixograph. 

Larmour, Working, and Ofelt (1939) studied a series of wheat 
varieties at several protein levels by means of baking and curves. 
These authors considered that the greatest value of the curves, pro- 
vided the protein content is known, is to identify the type to which a 
flour belongs. The curves tended to establish qualitative differences 
between flours that were or were not different in baking quality. 

The relationship of the normal farinogram to the baking strength 
of western Canadian wheat samples was studied by Geddes, Aitken, 
and Fisher (1940). Higher simple correlation coefficients between 
protein content and loaf volume were obtained than between loaf 
volume and the principal farinogram characteristics. Partial correla- 
tion coefficients, independent of protein content, between farinogram 
characteristics and loaf volume were either of low order or nonsig- 
nificant. These authors concluded that no increase in precision was 
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obtained in estimating loaf volume from protein content by the inclu- 
sion of a farinogram measurement. The utility of the farinogram was 
considered to be largely as a source of accessory information such as 
an aid in determining correct absorption, optimum mixing time, and 
mixing tolerance. 

It was thought that a similar study with the mixograph would be 
valuable. It is realized that the flour-water mixogram may not be 
expected to show responses of a flour to certain baking ingredients and 
treatment. However, it was thought valuable to study the relation- 
ship of the mixogram characteristics to baking results in such a manner 
as the mixogram is commonly employed, with accepted baking formulas 
and methods. 


Materials and Methods 


Sixty-three composite samples representing 12 pure wheat varieties 
each having 4 to 6 protein levels were experimentally milled, analyzed, 
and baked. Ten of the varieties (Turkey, Tenmarq, Comanche, 
Pawnee, Blackhull, Early Blackhull, Chiefkan, Nebred, Kanred, and 
Cheyenne) represent hard red winter wheat, whereas Kawvale is a 
semihard wheat, Clarkan a soft wheat, and both are classed as soft red 
winter wheats. 

The wheats were milled on a Buhler experimental mill under con- 
stant atmospheric conditions of approximately 80°F and 65% relative 
humidity. All flour samples, prior to baking and making of mixo- 
grams, were aged for six weeks in the mill room before removal to 
storage at approximately 45°F. 

Mixograms were made before baking, at No. 9 spring setting, with 
35 g of flour (15% moisture basis). The absorptions used for the 
mixograms as well as those for baking (with adjustments for formulas 
and flour moisture) were calculated by use of a regression equation of 
absorption (15% moisture basis) based on protein content. The re- 
gression equation—absorption (15% moisture basis) = 0.92 flour pro- 
tein + 49.03—was calculated from data obtained by determining the 
absorption by manual “‘feel’’ of the dough of high and low protein 
flours of each variety. While the flour absorption calculated from this 
equation was satisfactory for the samples used in this study, it may 
not be satisfactory for other classes of wheat or even for samples of 
the same class for another crop year. A similar procedure was used by 
Johnson and Swanson (1942). To obviate the effect that temperature 
fluctuations might have on the mixograms, the ingredients and ap- 
paratus were held at 77°F in the air-conditioned baking laboratory. 

The flours were baked by three procedures, the malt-phosphate- 
bromate (MPB) formula (Aitken and Geddes, 1934), the rich formula 
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(Ofelt and Larmour, 1940), and the latter formula with overmixing for 
two minutes beyond the optimum as indicated by the mixograms. 
The formulas contained the following ingredients: 


MPB (grams) Rich (grams) 
Flour (15% moisture basis) 100 100 
Sugar 5.0 6.0 
Salt 1.0 1.5 
Yeast 3.0 2.0 
Dry milk solids 0.0 6.0 
Shortening 0.0 3.0 
rO; 0.001 0.004 
Malt syrup 0.3 (200°L) 0.25 (120°L) 
0.1 0. 
Water As calculated from Plus 2% over that 
regression equation calculated from re- 


gression equation 


The doughs for baking were mixed in a Swanson-Working type of 
mixer, at 96 rpm, to an optimum development previously established 
by the mixogram. The mixer bowl had two fixed pins in diametrically 
opposed positions. Preliminary studies indicated that the mixing time 
shown by the mixogram was about 4 minute too long for the MPB 
formula and approximately 4% minute too short for the rich formula. 

After mixing, the doughs were fermented at 30°C and 85% relative 
humidity for intervals of 105 minutes (to first punch), 50 minutes (to 
second punch), and 25 minutes (to pan), a total of 3 hours. The 
punching was done with a National pup sheeter and the molding was 
done with a Thompson laboratory molder. Proofing was at 30°C and 
85% relative humidity for 55 minutes. The tall A.A.C.C. approved 
pans were used. Baking was done in a Despatch oven at 425°F for 25 
minutes. All loaves were weighed and measured for volume immedi- 
ately after removal from the oven. Texture, grain, and crumb color 
scores were made approximately 16 hours after baking. One loaf was 
baked from each flour on successive days until the loaf volumes checked 
within 25 cc. 

The mixograms were segregated on basis of five main characteris- 
tics, according to the plan described by Swanson and Johnson (1942). 
In addition to the characteristics described by these authors, the width 
of the mixogram at the peak and the area under the mixogram from 
starting point to point of minimum mobility were measured. <A simple 
schematic diagram of a mixogram is given in Figure 1 for convenient 
reference. The distance between arcs represents approximately one 
minute (Fig. 1). The mixing time is measured by the number of arcs 
or fractions thereof from the start to the point of minimum mobility, 
or peak. The development angle DOT is formed by the ascending 
slope and a horizontal line drawn to the left from the peak. The 
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range-of-tolerance angle DOW is formed by the ascending and de- 
scending slopes. The height H is determined by the number of hori- 
zontal units on the chart from the base to center of the mixogram at 
the peak. The width M-R is the distance between two lines drawn 


| | 

| 
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Fig. 1. Schematic diagram showing mixogram measurements. 


at the top and bottom of mixogram band at the peak and is expressed 
in horizontal chart units. The weakening angle WON is formed by 
the first portion of the descending slope and a horizontal line drawn 
from the right of the peak. The area is the portion enclosed beneath 
the mixogram during the dough development period and is measured 
with a planimeter. It is enclosed by the boundary A BOCF. 


Experimental Data 


The loaf volumes obtained from both formulas, the protein con- 
tents, and mixogram measurements are presented in Table I. The 
data are arranged in order of increasing protein content within each 
variety. The mixograms from which the measurements were taken 
are presented in Figure 2 and are arranged from left to right in order 
of increasing protein content for each variety. 

Grain, texture, and crumb color scores are not included in Table I, 
because they were subjective and not suitable for statistical treatment. 
A brief summary of these values is given, however. With increasing 
protein content the texture of the bread was found to improve, while 
the grain became increasingly open, reaching an optimum at about 12% 
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TABLE I 


CORRELATION OF MIXOGRAMS WITH BAKING 


Vol. 20 


PROTEIN CONTENT, LoAF VOLUME, AND MIxoGRAM DATA FOR FLOURS 


Loaf volume Mixogram characteristics 
Serial 
MPB, Rich, Rich, | 
opti- opti- decrease ing Angle ‘ieee Aa Height |Width| Angle 
mum mum by over- time T DO H R-M | WON 
mix mix mix ? | 
cc cc ce min cm? | deg units | units | deg 
TURKEY 
1688 | 1 600 700 37. | 3.7 18.6, 164 | 36 | 0.9| 4 
1689 | 2 618 745 37 | 3.4 21.2) 156} 40 | 1.2] 7 
1690 | 3 770 843 75 | 2.8 19.9} 52 | 1.3 | 18 
1691 | 4 828 903 83 | 2.5 15.4, 102} 58 | 1.6| 20 
1692 | 5 938 | 1025 | 147 | 2.7 19.3} 100} 68 | 2.0 | 26 
1693 | 6 1055 | 1085 | 127 | 3.0 26.3) 93| 76 | 2.5} 35 
TENMARQ 
1694 603 | 655 30 | 6.0 27.6} 167| 30 | 0.9| 6 
1695 665 | 700 32 | 3.7 23.11 157 | 40 | 1.3] 6 
1696 773 | 780 47 | 3. 23.1} 135 | 52 | 14 
1697 855 865 80 | 3.3 27.6, 123 | 58 | 1.8] 20 
1698 911 970 | 127 | 3.0 27.0} 109 | 68 | 2.0 | 20 
1699 1050 | 1066 | 126 35 30.2| 103 | 76 | 2.4| 32 
COMANCHE 
1737 640 712 47 | 4.9 | 32.8, 158| 43 | 1.1 | 8 
1738 725 | 752 | 29 | 38 58 | 1.6) 15 
1739 829 873 | 98 | 3.8 30.8130! 56 | 1.6) 15 
1740 909 950 | 132 | 28 25.1) 108 | 70 | 2.3 | 23 
1741 1007 | 993 | 128 | 2.6 | 24.4, 96| 76 | 2.0} 29 
1742 1238 «1188 143 | 3.6 | 24.7; 108 | 76 | 2.7 | 29 
PAWNEE 
1731 | 585 69737: 2.5) 2012.9) 161) 33 109) 4 
1732 | 655 708 58 | 2.3 13.5127} 45 | 1.2 | 10 
1733 | 677 740 45 | 2.0 12.2; 104 | 54 | 1.5 | 18 
1734 | 850 | 868 100 1.8 15.4104) 60 | 22 
1735 903 900 | 117 | 1.6 (14.1, 89! 68 | 2.0 | 29 
1736 1080 | 1028 | 145 | 2.1 | (17.4, 74| 80 | 2.2 | 38 
BLACKHULL 
1700 625 | 725 | 25 | 3.5 18.6 153 | 36 | 7 
1701 678 | 735 | 37 | 2.3 13.5} 120| 46 | 1.0| 18 
1702 740 | 852 | 47 | 2.3 14.1)110| 53 | 1.1] 21 
1703 853 920 | 132 16.1} 90} 63 | 30 
1704 909 966 | — | 2.0 15.4, 90} 64 | 1.7 | 29 
1705 980 | 1045 | 142 | 2.0 | 16.1 89 | 70 | 1.9} 32 
| 


? Rich formula optimum mix loaf volume minus rich formula loaf volume with 2-minute overmixing. 


| 
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TABLE I—(Continued) 
Loaf volume Mixogram characteristics 
Serial | Curve) Flour 
"ber Fig.l tein'| Oper’ | | decrease | angs Angle| Height | Width] Angl 
i- - s ! i i n 
mum | mum | byover-| | por H | R-M| WON 
mix mix mix ? 
% cc cc cc min | deg | cm? | deg units | units | deg 
EARLY BLACKHULL 
1725 | 31 | 9.4 615 | 748 23 2.3 | 44 | 13.5) 119 46 1.3 | 16 
1726 | 32 |10.7 709 783 33 1.8 | 64 | 11.6) 86 60 1.8 | 30 
1727 | 33 {12.0 783 840 25 2.0 | 58 | 14.8) 95 60 1.6 | 27 
1728 | 34 |13.3 904 940 105 | 2.0; 60 | 13.5} 92] 65 1.8 | 28 
1729 | 35 {15.2 982 1038 153 2.3 | 58 | 18.6) 88 71 1.8 | 34 
1730 | 36 |16.3 1070 1135 205 1.9 | 66 | 16.7) 68; 81 2.3 | 46 
CHIEFKAN 
1710 | 37 | 9.9 645 695 97 2.0 | 65 | 10.3) 95 56 1.4] 19 
1711 | 38 |10.9 707 705 100 | 1.8 | 70 | 14.8; 82] 65 1.4 | 28 
1712 | 39 {12.1 745 740 102 1.8 | 75 | 10.3} 70 67 1.6 | 35 
1713 | 40 |12.9 808 813 106 | 1.8} 72 | 14.1) 70 76 1.8 | 38 
1714 | 41 |15.0 853 880 142 | 2.0} 70 | 14.1) 71 78 2.5 | 40 
NEBRED 
1706 | 42 /|10.9 790 895 107 | 2.5 | 45 | 20.6} 116 | 62 i 
1707 | 43 /12.0 825 899 79 | 2.6 | 49 | 25.1) 113 |} 70 
1708 | 44 /|13.2 875 965 122 | 2.8) 45 | 24.4) 115 | 67 2.1 | 20 
1709 | 45 |15.0| 1035 1078 98 | 2.8) 51 | 28.9) 95] 84 3.2 | 34 
KANRED 
1743 | 46 |10.8 692 733 28 2.4} 45 | 19.3) 121 58 1.6 | 13 
1744 | 47 /11.8 783 793 70 | 2.0} 60 | 14.8) 97 63 bet 2 
1745 | 48 |13.0 907 875 82 1.8 | 70 | 12.2) 88 70 2.0 | 26 
1746 | 49 |14.7| 1010 965 155 1.8 | 67 | 10.9) 83 73 2.0 | 30 
CHEYENNE 
1747 | 50 | 9.3 627 700 67 | 3.0 | 33 | 19.9} 134} 50 
1748 | 51 | 9.9 675 725 87 | 3.5 | 30 | 23.8} 140| 50 te) 8 
1749 | 52 |11.2 698 740 87 | 3.5 | 39 | 28.9} 124] 64 LS | 16 
1750 | 53 |12.8 825 855 157 | 2.9 | 50 | 21.2) 110} 66 1.7 | 20 
KAWVALE 
1715 | 54 | 7.8 593 628 23 | 3.0 | 11 | 16.7) 160 34 0.9 8 
1716 | 55 | 9.3 650 703 65 2.5 | 37 | 15.4, 130 | 48 
1717 | 56 |10.3 709 748 63 2.3 | 50 | 14.8) 112 53 1.4 | 18 
1718 | 57 |12.3 845 889 72 +| 2.2 | 50 | 16.1) 111 54 1.4] 19 
1719 | 58 /13.0 933 935 75 2.5 | 50 | 18.6) 100 62 1.4 | 29 
1720 | 59 |14.3| 1008 1023 103 2.8 | 47 | 23.1) 105 64 16} 25 
CLARKAN 
1721 | 60 | 9.3 668 758 103 | 2.0 | 11 | 11.6) 160 36 0.8 7 
1722 | 61 |10.3 703 765 58 1.8 | 32 | 10.3) 135 41 1.0 | 13 
1723 | 62 |11.5 730 840 120 1.4 | 47 | 10.3) 114 48 L215 
1724 | 63 {12.9 770 853 48 | 1.5 | 60 | 11.6) 82] 64 1.6 | 39 
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to 13% protein levels. The bread from the rich formula, in general, 
had better texture and grain than that from the MPB formula. Bread 
from Tenmarq, Turkey, Comanche, Kawvale, Pawnee, Nebred, and 
Blackhull had slightly better texture and grain than that from the 
other varieties. The grain of the Chiefkan, Cheyenne, and Early 
Blackhull breads was either open or had heavy cell walls. 

The crumb color scores indicated that Turkey, Kawvale, and 
Nebred samples were decidedly yellow, indicating high pigmentation. 
Turkey and Nebred samples had a higher luster of crumb than Kaw- 
vale. Tenmarq samples exceeded all other samples in creamy white- 
ness of crumb color with a highly desirable sheen. Clarkan samples 
had a clear white but dull crumb color. 


Discussion 


Loaf volume has been used as the chief criterion of baking quality 
in this study, because it is the only objective value obtained by actual 
measurement. Sufficient evidence is found in the literature to suggest 
that loaf volume is a measurement of flour quality provided adequate 
baking methods are used (Aitken and Geddes, 1939). 

Covariance analysis of loaf volume data: An examination of the values 
for loaf volume in Table I show that the two formulas did not give the 
same ranking in loaf volume. To test the significance of this apparent 
disagreement between the two formulas, the loaf volume and protein 
data were submitted to covariance analysis. The covariance analysis 
data for both formulas combined are presented in Table II. From this 


TABLE Il 


ANALYSIS OF COVARIANCE OF LOAF VOLUME AND PROTEIN CONTENT DATA 
FOR THE MPB AnpD RicH FoRMULAS 


Degrees of Mean 

Source of variation freedom square 
Difference for testing adjusted variety means 11 14,989.4f 
Difference for testing between formulas 1 69,900.00 
Difference for testing variety-formula interaction 11 4,478.7+ 

Residual error 101 1,038.4 


Tt Highly significant. 


table it becomes evident that a significant difference existed between 
varieties and between formulas. A significant variety-formula inter- 
action indicated that varieties reacted differently to treatment accorded 
them by the baking formula. Because of this interaction, a study of 
the relationship of mixogram characteristics to baking results must 
necessarily be made separately for each baking formula. 
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Fig. 2. Mixograms of flours arranged in order of increasing protein content from left to right 
for each variety. Numbers correspond to those given in Table I. 


— 
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Covariance analysis of the loaf volume data, with each formula 
treated separately, are presented in Table III. The mean adjusted 
loaf volumes proved significantly different for the different varieties, 
regardless of formula. The rich formula gave greater differentiation 
between samples, as is shown by the F ratio 5.47 for the MPB formula 
compared to the F ratio 15.81 for the rich formula. 


TABLE III 


ANALYSIS OF COVARIANCE OF THE LOAF-VOLUME AND PROTEIN-CONTENT DatTA, 
TREATING EACH FORMULA SEPARATELY 


Degrees of Mean 
Source of variation freedom square 
Difference for testing adjusted mean loaf volume 10 7,392.0 
for MPB formula 
Residual error 50 1,352.1 
Difference between individual variety regressions 39 742.7 
of loaf volume on protein content 
Differences for testing adjusted mean loaf volume 10 12,573.1f 
for the rich formula 
Residual error 50 795.4 
Differences between individual variety regressions 39 567.11 


of loaf volume on protein content 


t Highly significant. 


Relationship of loaf volume to protein content as reflected by varieties: 
The significance of the increase in loaf volume with increments in 
protein for individual varieties was tested and the results are also pre- 
sented in Table III. It appears that the samples as a group could be 
considered representative of the same population as far as the regression 
coefficient of loaf volume on protein content is concerned. Thus, these 
data do not appear to support the view that regression of loaf volume 
on protein content is a varietal characteristic. If many more samples 
for each variety had been available, it is possible that significant differ- 
ences of regression of loaf volume on protein content might then have 
been found. 

The relationship between loaf volume and protein content is shown 
graphically in Sections A and B of Figure 3. It was evident with either 
formula that a close linear relationship existed. Correlation coeffi- 
cients for this study are summarized in Table IV. In this table the 
total simple correlation coefficients between loaf volume and protein 
content for the MPB formula (+ .9417) and for the rich formula 
(+ .9214) are shown. Variation in protein content thus accounts for 
88% and 84% of the total variation in loaf volume for each formula 
respectively. The 12% and 16% of the total variation in loaf volume 
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not accounted for by the protein content, for each formula respectively, 
can partly be attributed to different qualities of the protein among the 
varieties and partly to random errors of the baking procedures. 
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Fig. 3. Relationship between protein content and loaf volume, mixogram height, width, weakening 
angle, and angle DOW. 


The symbols represent the varieties as follows: 


Turkey T Chiefkan C 
Tenmarq A Nebred N 
Comanche O Kanred Ss 
Pawnee P Cheyenne X 
Blackhull B Kawvale Kk 
Clarkan I 


Early 
Blackhull E 


Relationship between protein content and certain mixogram character- 
istics: The relationships found between mixogram height, width, 
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weakening angle, and protein content as shown in Sections C, D, and 
E of Figure 3, were linear and the degrees of association were high. 
The simple correlation coefficient (Table IV) between height and pro- 
tein content was + .9189, that for width was + .8533, while that for 
the weakening angle was + .8362. 


TABLE IV 


SUMMARY OF SIMPLE, PARTIAL, AND MULTIPLE CORRELATION COEFFICIENTS 
FOR LoAF VOLUME, PROTEIN, AND MIxXOGRAM CHARACTERISTICS 


(N = 63) 
Variables correlated Correlation coefficients ! 

Protein content, % MPB loaf volume, cc +.9479 
Protein content, % Rich loaf volume, cc +.9214 
Protein content, % Curve height, units +.9189 
Curve height, units MPB loaf volume, cc +.8455 | —.2029 
Curve height, units Rich loaf volume, cc +.7906 | —.3558 | +.9323 
Protein content, % Curve width, units + .8533 
Curve width, units MPB loaf volume, cc +.8295 | +.1244 
Curve width, units Rich loaf volume, ce +.7853 | +.0046 
Protein content, % Angle WON, degree + .8362 
Angle WON, degrees | MPB loaf volume, cc +.7202 | —.4146 | +.9595 
Angle WON, degrees | Rich loaf volume, cc +.6971 | —.3443 | +.9311 
Mixing time, min. Angle DOT, degree — .6815 
Mixing time, min. Area, cm? + .6958 
Area, cm? MPB loaf volume, cc +.2228 
Area, cm? Rich loaf volume, cc +.2204 
Protein content, % Decrease in loaf volume, cc | +.6901 
Angle WON, degrees | Decrease in loaf volume, cc | +.6365 | +.4736 | +.6986 


1 Five percent level of significance, r = + .250 (Snedecor, 1940). 
? Protein content held constant. - 
3 Includes variable Y and protein content with variable X. 


The relationship existing between angle DOW (believed to indicate 
range of mixing tolerance) and protein content is shown in Figure 3F. 
It appeared that the relationship between angle DOW and protein 
content was curvilinear and negatively correlated. Since protein con- 
tent has a pronounced influence on the sharpness of the peak (angle 
DOW) it is well to know the protein contents of samples when com- 
paring mixogram patterns. 

Relationship between loaf volume and certain mixogram character- 
istics: Linear relationships between loaf volume for both formula and 
mixogram height, width and weakening angle are shown in Figure 4. 


f 
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The degree of association between mixogram height and loaf volume 
(r = + .8455 for the MPB formula and r = + .7906 for the rich 
formula) was not as high as the degree of association between loaf 
volume and protein content (r = + .9479 for the MPBandr = + .9214 


RICH FORMULA LOAF VOLUME--CC. 
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Fig. 4. Relationship between loaf volume and mixogram height, width, and weakening angle. 
See Fig. 3 for legend.) 


for the rich formula) (Table IV). These differences were tested and 
found to be significant. Thus it is apparent that height of the mixo- 
gram would not furnish as good an estimate of loaf volume as would 
protein content. The partial correlation coefficients independent of 
protein content were calculated to permit a study of the relationship 
of mixogram height to protein quality factors (Table IV). The nega- 
tive correlation coefficient, — .2029, between the MPB-formula loaf 
volume and mixogram height, independent of protein content, was 


50 
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nonsignificant. This indicated that when compared on a common 
protein level, no relationship existed between mixogram height and 
loaf volume. A similar partial correlation coefficient, — .3558, for the 
rich formula, was significant but of low order. The multiple correla- 
tion coefficient, + .9323, rich formula (loaf volume times protein con- 
tent, including mixogram height), was probably not significantly differ- 
ent from the simple correlation coefficient, + .9214, between protein 
content and loaf volume. Thus little would be added to the accuracy 
with which loaf volume could be estimated from protein content by 
inclusion of the mixogram height. 

Mixogram width, M-—R, was not as highly correlated with loaf 
volumes produced by either formula as was mixogram height or protein 
content. When we compare the correlation coefficients between width 
M-R and loaf volume, + .8295 for the MPB formula and + .7853 for 
the rich formula, with + .9479, and + .9214 between loaf volume and 
protein content for each formula respectively, it is apparent that curve 
width did not furnish as good an estimate of loaf volume as did protein 
content. The partial correlation coefficients, independent of protein 
content, between loaf volume and mixogram were nonsignificant, thus 
indicating that width of the mixogram was not associated with protein 
quality factors as reflected in loaf volume. Loaf volume was associated 
with mixogram width only because of the high degree of association 
between protein content and loaf volume on the one hand and protein 
content and curve width on the other. 

The weakening angle, WON, was not as highly correlated with loaf 
volume as was protein content, mixogram height, or width. The 
simple correlation coefficients between loaf volume and weakening 
angle were moderately high (+ .7202 for the MPB formula and + .6971 
for the rich formula). The partial correlation coefficients, independent 
of protein content, between weakening angle and loaf volume from 
either formula were negative and significant. However, the magnitude 
of these partial correlations, — .4146 for the MPB formula and — .3443 
for the rich formula, suggested that if varieties are compared on a uni- 
form protein content basis, the weakening angle will not give any 
marked degree of accuracy in predicting the baking performance of 
the flour. 

The multiple correlation coefficient + .9595 (MPB loaf volume X 
protein content, including weakening angle) was probably not sig- 
nificantly different from the simple correlation coefficient + .9479, 
between the same loaf volume and protein content. It is thus likely 
that little information would be added to improve the estimate of loaf 
volume from protein content by inclusion of the weakening angle. 
The same conclusion may be made for the rich-formula loaf volumes 


- 
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by comparing the multiple correlation coefficient, + .9311, with the 
simple correlation coefficient, + .9214. 

Relationship of mixing time to protein content: Several workers have 
studied the relationship between mixing time of flour and other quality 
measures. Many of these studies have included the measurement of 
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Fig. 5. Relationship between mixing time and protein content, angle DOT, and area under curve 
to point of minimum re between protein content, angle DOT, and decrease in loaf volume; and 
between decrease in loaf volume and weakening angle. (See Fig. 3 for legend.) 


the mixing time either with the farinograph or mixograph. It should 
be noted that the data from the farinograph, which has a gentle knead- 
ing action on the dough, do not agree with those obtained from the 
mixograph, which has a rigorous mixing action. Markley (1938), 
Aitken and Geddes (1939), and Markley, Bailey, and Harrington (1939) 
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have shown that the amount of mixing required to develop dough to 
minimum mobility with the farinograph increased with increments of 
protein. The opposite has been found for the mixograph by Bayfield, 
Working, and Harris (1941) and Ofelt and Sandstedt (1941). 

The relationship between mixing time and protein content found 
in this study is shown in Figure 5A. The mixing time decreased with 
increments of protein up to about 12% and then tended to increase 
again as the protein content became greater, except for Nebred and 
Cheyenne. No explanation is offered for the failure of these two to 
follow the general trend of the other varieties. The lack of agreement 
in the relationship between mixing time and protein content from 
farinogram and mixogram data may be due to the nature of the mixing 
action of the two machines. The farinograph has a gentle kneading 
action, while the mixograph, like high-speed commercial mixers, has a 
pull-fold-repull type of action. 

The mixing time as determined from the mixogram, with adjust- 
ments for formula, was found to parallel the mixing time required to 
mix doughs to optimum development for baking. This development 
was associated with a dry ‘‘feel’’ and smoothness of the dough. This 
was in agreement with the conclusions of Bohn and Bailey (1937). 

Relationship between development angle, protein content, and mixing 
time: The relationship between development angle DOT and protein 
content is shown in Figure 5B and that between development angle 
and mixing time is shown in Figure 5C. The curvilinear relationship 
between development angle DOT and protein content, and also be- 
tween mixing time and protein content, suggests some degree of associa- 
tion between angle DOT and mixing time. The relationship between 
angle DOT and mixing time appears linear. This association is inverse, 
since the correlation coefficient between development angle DOT and 
mixing time was — .6815 (Table IV). 

Energy relationships: Dough mixing time has been considered to be 
indicative of the amount of energy input required to mix a dough to 
optimum development. That mixing time indicates to some extent 
the energy input is shown in Figure 5D, and also by the simple correla- 
tion coefficient between mixing time and area under mixogram to 
minimum mobility, which was + .6958 (Table IV). The area under 
the mixogram to minimum mobility is not an exact measurement of 
energy input since it also includes friction, but since friction is fairly 
constant, area is a mixogram characteristic which best describes energy 
input. The area may be considered as a measurement of work done, 
because the height of the mixogram indicates the force required to 
move the mixing pins through the dough, whereas mixing time indicates 
the time during which the force operates. Area included in the mixo- 
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gram to point of minimum mobility was not found significantly corre- 
lated with loaf volume with either baking formula. The nonsignificant 
correlation coefficients were + .2228 and + .2204 (Table IV). 

The relationship between sensitivity to overmixing and protein content 
and weakening angle WON: The sensitivity to overmixing is shown by 
the magnitude of the weakening angle WON. It has been found that 
varieties with a mixogram having a rapid breakdown are undesirable 
because of their sensitivity to overmixing and therefore are more 
difficult to handle in the bake shop. 

The relationship between protein content and the decrease in loaf 
volume caused by overmixing is shown in Figure 5E. The amount of 
decrease in loaf volume increased in a linear relationship to the increase 
in protein content. The simple correlation coefficient, + .6901 (Table 
IV) between protein content and decrease in loaf volume indicated that 
high protein doughs are subject to greater damage from overmixing, 
corroborating the conclusion of Markley and Bailey (1939). 

The relationship between decrease in loaf volume and weakening 
angle WON approached linearity (Fig. 5F). The correlation coefficient 
+ .6365, between weakening angle and the decrease in loaf volume was 
probably not significantly different from the coefficient, + .6901, be- 
tween protein content and decrease in loaf volume. The partial corre- 
lation coefficient, + .4736, independent of protein content, between 
weakening angle and decrease in loaf volume suggested that varieties 
which exhibit larger weakening angles are subject to greater damage by 
overmixing. That the varieties Chiefkan and Early Blackhull are 
sensitive to overmixing is shown by their mixograms in Figure 1. The 
multiple correlation coefficient, + .6986 (decrease in loaf volume X 
protein content, including weakening angle) was probably not sig- 
nificantly different from the simple correlation coefficient, + .6901, 
between decrease in loaf volume and protein content. 

From observation of the weakening angles shown in Figure 1 and 
by assuming that the angle WON expressed sensitivity to overmixing, 
it was anticipated that a higher correlation than actually resulted 
would be obtained between weakening angles and decrease in loaf 
volumes. It is probable that overmixing produces several effects in 
dough. That overmixing does change the physical properties of 
doughs was indicated by increase in the weakening angle WON of the 
mixogram. It may be that the protein network was ‘broken down”’ 
more or less by mechanical treatment. This, however, was not always 
reflected in the final bread, at least not to the extent indicated by the 
weakening angles. That mixing in air causes certain effects similar to 
those caused by oxidation has been shown by Baker and Mize (1937). 
It may be that overmixing causes overoxidation. That some doughs 
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have greater tendency to recover the normal physical state after severe 
mixing than others was shown by Munz and Brabender (1940). It 
may be that both these factors tend to lower the correlation between 
weakening angles and the damage to bread by overmixing. 


Summary 

Twelve pure wheat varieties, each with four to six protein levels, 
were milled, analyzed, and baked by three procedures. Mixograms 
were made and segregated on the basis of important characteristics and 
the relationships studied statistically. 

Statistical treatment of combined loaf-volume data of the MPB 
and rich formulas showed significant variety-formula interaction. Co- 
variance analysis of the loaf-volume data within a formula showed that 
mean loaf volumes of varieties, after adjustment for protein content, 
were significantly different. When all varieties were considered as a 
group, then individual variety regressions of loaf volume on protein 
content were not significantly different. The rich formula gave 
greater differentiation between samples than the MPB formula. 

Height, width, and weakening angle of the mixogram were posi- 
tively correlated with protein content and loaf volume of either formula. 
Loaf volumes were more closely associated with the protein content 
than with any of the mixogram characteristics. The height, inde- 
pendent of protein content, was not significantly correlated with loaf 
volume obtained with the MPB formula, while the rich formula gave 
a negative significant correlation. Width, independent of protein con- 
tent, was not found significantly correlated with loaf volume by either 
formula. The weakening angle, independent of protein content, was 
negatively correlated with loaf volume by either formula. The mul- 
tiple correlation coefficients, including protein content and any one of 
the three mixogram characteristics, being correlated with loaf volume 
from either formula, were probably not significantly different from the 
simple correlation coefficients between loaf volume and protein content. 
Mixogram characteristics tended to reflect baking strength of a flour 
mainly because of the high correlation between loaf volume and protein 
content, on the one hand, and between protein content and the mixo- 
gram characteristic on the other. The angle expressing range of mix- 
ing tolerance tended to decrease with increasing protein but not in a 
linear fashion. 

The relationship of mixing time and of development angle DOT 
with protein content was curvilinear. Development angle and mixing 
time were moderately and negatively correlated, the relationship being 
linear. Mixing time was only moderately correlated with areas under 
mixogram from starting point to point of minimum mobility (peak). 
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Area was presented as a measurement of energy input required to mix 
a dough to optimum development. Area was not significantly corre- 
lated with loaf volume obtained by either the MPB or rich formula. 

Overmixing the doughs resulted in a decrease in loaf volume, the 
largest being in the high-protein samples. A fair degree of association 
between decrease in loaf volume and the weakening angle WON was 
found. The weakening angle, independent of protein content, was 
positively correlated with decrease in loaf volume caused by overmixing 
dough. 

Conclusions 


The most important use of the mixograph appears to be that of 
furnishing information that supplements baking data. Thus the mixo- 
gram gives information regarding mixing requirements, mixing toler- 
ance, and varietal pattern. The varietal pattern tends to establish 
qualitative differences between flours that may or may not have 
different baking qualities. In this way flours of known inferior baking 
qualities may be readily distinguished and discarded as unsuitable for 
bread making. 

Acknowledgments 


Acknowledgments are due Dr. H. C. Fryer, Department of Mathematics, for 
valuable assistance with the statistical treatment of the data, and to Professor A. L. 
Clapp, Department of Agronomy, for the wheat samples used in this study. 


Literature Cited 


Aitken, T. R., and Geddes, W. F. 
1934 The behavior of strong flours of widely varying protein content when 
a to normal and severe baking procedures. Cereal Chem. 11: 
-504. 
1939 The relation between protein content and strength of gluten-enriched 
flours. Cereal Chem. 16: 223-230. 
Baker, J. C., and Mize, M. D 
1937 Mixing doughs in vacuum and in presence of various gases. Cereal 
Chem. 14: 721-734. 
Bayfield, E. G., Working, E. B., and Harris, M. C. 
1941 The effect of protein content on baking behavior of some winter wheat 
varieties. Cereal Chem. 18: 640-654. 
Bohn, L. J., and Bailey, C. H. 
1937 Effect of fermentation, certain dough ingredients and proteoses upon the 
physical properties of flour doughs. Cereal Chem. 14: 335-348. 
Geddes, W. F., Aitken, T. R., and Fisher, M. H. 
1940 The relation between normal farinogram and the baking strength of 
western Canadian wheat. Cereal Chem. 17: 528-550. 
—— Larmour, R. K., and Mangels, C. E. 
1934 Some comments on the paper by Kent-Jones entitled ‘‘ The Standard 
Baking Test Under English Conditions.’’ Cereal Chem. 11: 66-69. 
Johnson, J. A., and Swanson, C. O. 
1942 The testing of wheat quality by recording dough mixer curves obtained 
from sifted wheat meals. Cereal Chem. 19: 216-229. 
Larmour, R. K., Working, E. B., and Ofelt, C. W. 
1939 Quality tests on hard red winter wheats. Cereal Chem. 16: 733-752. 
Malloch, J. G. 
1938 Some results with a new recording mixer for use with small samples. 
Cereal Chem. 15: 423-438. 


644 CORRELATION OF MIXOGRAMS WITH BAKING Vol. 20 


Markley, M. C. 

1937 The colloidal properties of flour dough. I. The thixotropic nature of the 
starch-water systems. Cereal Chem. 14: 434-436. 

1938 The colloidal behavior of flour doughs. III. Studies upon the properties 
of flour-starch-water systems. Cereai Chem. 15: 438-444. 

Markley, M. C., and Bailey, C. H. 

1939 The colloidal behavior of flour doughs. V. Comparison of the increase 
in mobility of doughs upon either prolonged mixing or fermentation with 
the effects of varied mixing time upon loaf characteristics. Cereal Chem. 
16: 265-271. 
and P.L. 

1939* The colloidal behavior of flour doughs. VI. Dough fermentation from 
flours of diverse types. Cereal Chem. 16: 271-279. 
Munz, E., and Brabender, C. W. 

1940 Prediction of baking value from measurements of plasticity and ex- 
tensibility of dough. I. Influence of mixing and moulding treatments 
upon physical dough properties of typical American wheat varieties. 
Cereal Chem. 17: 78-100. 

Ofelt, C. W., and Larmour, R. K. 
1940 The effect of milk on bromate requirements of flours. Cereal Chem. 17: 
1-18. 
and Sandstedt, R. M. 
1941 Observation on the character of recording dough-mixer curves on flours 
diluted with wheat starch. Cereal Chem. 18: 435-442. 
Snedecor, G. W. 
1940 Statistical methods. Iowa State College Press, Ames, Iowa. 
Swanson, C. O. 
1936 Physical test to determine quality in wheat varieties. Cereal Chem. 13: 


179-201. 

1940 Factors which influence the physical properties of dough. I. Effects of 
autolysis on characteristics of dough mixer curves. Cereal Chem. 17: 
679-689. 

and Clark, R. J. 


1936 Testing flours by the recording dough mixer. The Northwestern Miller. 
188: 458-464. (Nov. 18, 1936.) 

and Johnson, J. A. 

1943 Diagraming mixograms. Cereal Chem. 20: 39-42. 

and Working, Earl B. 

1933 Testing the quality of flour by the recording dough mixer. Cereal Chem. 
10: 1-30. 


3 years of enrichment experience! 


The quick success of “VExXTRAM”, 
Winthrop’s brand of flour-enrichment 
mixture, and the nation-wide popu- 
larity of “B-E-T-S”, Winthrop’s brand 


“CRYSTALLINE Bi" 
“CRYSTALLINE VITAMIN C” 
CALCIUM PANTOTHENATE 

“*B-E-T-S" “VEXTRAM NIACIN 
VITAMIN B2 


Supplies are ready at New York, 
Chicago, Kansas City, Denver, San 
Francisco, Portland (Ore.), Dallas 
and Atlanta for quick delivery. 


WINTHROP 


FOR 
CEREAL-FOOD 
ENRICHMENT 


of bread-enrichment tablets, merely 
reflect three years of concentrated Win- 
throp effort to produce the best enrich- 
ment aids possible. 

For millers and bakers alike, these 
two Winthrop products make flour- 
and bread-enrichment easy, accurate, 
economical. 

Both are now available with or with- 
out riboflavin—and with vitamin By, 
niacin and iron potencies adjusted to 
current enrichment levels or to the 
increased levels of the new flour order 
effective October Ist. 

Write at once for 
further information 
and latest low price 


schedules. 


ADDRESS INQUIRIES TO— 


Special Markets Division 


WINTHROP CHEMICAL COMPANY, INC. 


170 VARICK STREET, NEW YORK, N. Y. 


A SS | 
B=, 

| 
= 


Dependable Shortenings 
for the Most Exacting Uses 


COVO “S.S.” is the specially hydrogenated shortening for 
biscuit and cracker bakers, potato chip fryers, makers of pre- 
pared flour mixes, and other food products in which extra 
keeping quality and shelf life are desirable. 

COVO is outstanding as an all-purpose shortening for 
cakes and icings, sweet yeast doughs, cookies, piecrust — and 
for frying. 

COVO Super-Mix is the emulsifier shortening for cakes, 
icings, and sweet doughs, to give extended freshness. 

COVO Shortenings are all-vegetable, all-hydrogenated, and 
made from the Cream Of Vegetable Oil. There are no finer 
shortenings made. 


LEVER BROTHERS COMPANY 


General Offices a Cambridge, Massachusetts 


Vitamin B, is destroyed by 
TO PRODUCERS excess alkalinity. By adding 
OF X-C calcium phosphate (ex- 
ENRICHED tra rich in calcium) to your 
flour you keep it on the acid 


side and may save as much as 
50% of the B, lost in baking! 


For full details, write: 


MONSANTO CHEMICAL COMPANY 


Phosphate Division, St. Louis, Missouri 
*Extra Calcium 


| 


“Whad'ya Know, Brother, About 


EVERY TECHNICAL man is supposed 
to know his own field thoroughly 
and have a general idea of related 
technical fields. But few food proc- 
essors have time to develop more 
than a sketchy knowledge of these 
related subjects. 


Take the bulkiness of salt—specific 
gravity—which may vary rather 
widely. A survey of various salt 
products from different sections has 
shown that even salt of the same 
grade can vary up to 25% in bulki- 
ness over a period of months. 


Diamond Crystal processing engi- 
neers have eliminated this variation 
to a considerable extent through 


rigid control of crystallizing condi- 
tions and the most modern screening 


methods. Thus the various grades 
of Diamond Crystal Salt will not 
vary more than 4% plus or minus 
—usually not over 2%. 


If you, as a food processor, are 
applying salt by volume—through 
a hopper, for example, as in salting 
soda crackers, potato chips, and 
similar products—you can only 
achieve really accurate flavor con- 
trol by using a salt that varies but 
slightly in bulkiness. Why not check 
the density of each shipment of salt 
you are using and see how much it 
varies in bulk? 


NEED HELP? HERE IT Is! 


If this is the solution to that difficult 
variable-flavor problem, write our 
Director of Technical Service. He 
will be glad to help you find a cure. 
Diamond Crystal, Dept. M-4, St. 
Clair, Michigan. 


DIAMOND CRYSTAL SALT 


€ 

Oy 


WANTED! 


FOR POST-WAR MARKETS 


New ideas or patents relating to equipment, apparatus, or in- 
struments applicable to research and control laboratory work, 
embracing — 


CEREAL CHEMISTRY GAS TESTING CLINICAL, 
BACTERIOLOGICAL @ PLASTICS, CERAMICS, 
CEMENT @ MATERIALS TESTING @¢ FOOD PROCESS- 
ING @ WATER & SEWAGE @ RUBBER TECHNOLOGY 


also 


ELECTRONIC AND OPTICAL DEVICES, ETC. 


Our client is an old, reputable manufacturer with a record of 
successful management and excellent financial standing—recog- 
nized design and engineering skill—skilled workmen—modern, 
well-equipped shops—research and development laboratories—a 
technically trained staff—and complete sales representation 
throughout the world. All replies will be kept confidential. 
Address by mail only:—Earl C. Carlson and Associates, Dept. 12, 
1 N. La Salle Street, Chicago 2, Il. 


FOR VITAMIN 


A purified fungal enzyme prep- 
aration exhibiting marked 

AS S AYS amylolytic, phosphorolytic and 
proteolytic activity, assayed and 
standardized for analytical and 
scientific use. 

MYLASE Pp MYLASE P is used for the enzy- 
matic digestion of samples of 
foods, biological materials, etc. in 

Thiamine 
Pantothenic Acid 


and other vitamin determinations. 


WALLERSTEIN LABORATORIES 
180 Madison Ave., New York City 
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Mechanical Force for the Control 


s 
FLOUE 


Mechanical Treatment Destroy 
Insects in Foods 


ys 


Above are some recent news headlines 
which have appeared in connection 
with reports on the ““ENTOLETER”’ 
and its destruction of all forms of in- 
sect life in flour mills and food plants. 


HEADLINES TELL OUR STORY 


What do users say about “ENTOLETER” per- 
formance in their mills after months of experience ? 
What have exhaustive, independent tests of “EN- 
TOLETER” efficiency proved? The answers are 
the facts that have put “ENTOLETER” in the 
news. The “ENTOLETER” solves a costly, long- 
standing problem for millers—makes possible sure, 
complete and continuous destruction of all forms 
of insect life in milled products, including insect 
eggs, larvae, pupae and adults. ENTOLETER 
DIVISION, The Safety Car Heating & Lighting 
Company, Inc., 230 Park Avenue, New York 17, 


N. Y. 


Free Report of 
“ENTOLETER” 
Tests on Request. 
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A COMPLETE PRINTING SERVICE 


Goop PRINTING does not just happen; it is 
the result of careful planning. The knowl- 
edge of our craftsmen, who for many years 
have been handling details of composition, 
printing and binding, is at your disposal. 
For over sixty years we have been printers 
of scientific and technical journals, books, 
theses, dissertations and works in foreign 


PRINTERS OF . 
cereat cuemistay languages. Consult us about your next job. 


LANCASTER PRESS, Inc. 


PRINTERS + BINDERS + ELECTROTYPERS 
ESTABLISHED 1877 LANCASTER, PA. 


CEREAL CHEMISTRY 


issues and volumes available 


Unbound: 
3.75 


Foreign mailing, 50c per volume extra 
Bound—Library buckram: 


Volumes XIV, XV, XVI, XVII, XVIII ............... Each 8.00 
Foreign mailing, 50c per volume extra 
Single issues ...........2000. $1.25 each (foreign mailing 10c extra) 
Index—Volumes I-X (1924-1933) ..........ccccceccccccccccecs $ 2.00 
Subscription rate, per year—$6.00 Foreign mailing, 50c extra 


R. M. SANDSTEDT, Managing Editor 
Cereal Chemistry, Agricultural Experiment Station, Lincoln, Nebraska. 


You CAN DEPEND 


UPON THESE TOP-NOTCH 


SHORTENINGS .. . 


PRIMEX B&C 


An all-hydrogenated vegetable oil shortening of 
exceptional stability. Excellent for all deep fry- 
ing purposes. Preferred by biscuit and cracker 
bakers, manufacturers of prepared biscuit, pie 
crust, and doughnut flours, and makers of other 
food products where rancidity troubles are to be 


avoided. 


SW EETEX-B 


The “High-Ratio” shortening. Especially de- 
signed to permit bakers to produce “High-Ratio” 
cakes and icings with superior eating and keep- 
ing qualities. 


PRIMEX 


General Offices 


The all-hydrogenated shortening “that sets the 
standard.” A quality shortening especially rec- 
ommended for doughnut frying, for pies, cook- 
ies and bread, and for other shortening purposes. 


PROCTER & GAMBLE 


Branches and warehouses in principal cities 


CINCINNATI, OHIO 
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SUSTAINING MEMBERS 


American Association of Cereal Chemists 


Abilene Flour Mills Co., Abilene, Kansas 

American Maize Products Co., Roby, Indiana 

American Meat Institute, 59 East Van Buren St., Chicago, Illinois 

Anheuser-Busch, Inc., St. Louis, Missouri 

Bilsland Brothers Limited, 75 Hyde Park Street, Glasgow, Scotland 

Buhler Bros. Inc., 60 Beaver Street, Room 1206, New York, New York 

Calvert Distilling Co., Relay, Maryland 

Central Scientific Co., 1700 Irving Park Blvd., Chicago, Illinois 

Commander Larabee Corporation, Minneapolis, Minnesota 

Continental Baking Company, 630 5th Avenue, New York, New York 

Cooperative Grange League, Federation Exchange Inc., Buffalo, New York 

Darrach, Marvin, Merck & Co., Ltd., 560 De Courcelles St., Montreal, Canada 

Dax, John C., 118 East Main Street, Barrington, Illinois 

Entoleter Division, The Safety Car Heating & Lighting Co., 230 Park Ave., 
New York, New York 

Federal Mill Ine., Lockport, New York 

Ferguson Laboratory Inc., 121 W. 42nd Street, New York, New York 

Fleischmann Laboratories, 810 Grand Concourse Street, New York, New York 

Fred Stein Laboratories, 121 North Fourth, Atchison, Kansas 

weesieaes Grain & Malting Co. Inc., 38 and W. Grant St., Milwaukee, Wis- 
consin 

Guna Foods Corp., Library, Central Labs., 1125 Hudson St., Hoboken, New 
Jersey 

General Mills Inc., 200 Chamber of Commerce, Minneapolis, Minnesota 

Conon Mills, Inc., Research Laboratories, 2010 E. Hennepin, Minneapolis, 
Minnesota 

Gerber Products Corp., Fremont, Michigan 

Great Western Malting Co., Inc., P. O. Box 28, Vancouver, Washington 

Griesedieck Bros., 1920 Shenandoah Avenue, St. Louis, Missouri 

Hoffmann-LaRoche, Inc., Nutley, New Jerse 

Innis, Speiden & Co., 117 Liberty St., New York, New York 

International Milling Co., 5th St. & 2nd Ave. South, Minneapolis, Minnesota 

Ismert-Hincke Milling Co., Box 329, Topeka, Kansas 

James Richardson & Sons, Ltd., Grain Exchange, Winnipeg, Manitoba, Canada 

Kraft Cheese Company, 500 Peshtigo Court, Chicago, Illinois 

Kroeger Grocery and Baking Co., 1212 State Ave., Cincinnati, Ohio 

Kurth, C., Jr., Kurth Malting Company, P. O. Box 1146, Milwaukee 1, 
Wisconsin 

Laboratory Construction Co., 1115 Holmes Street, Kansas City, Missouri 

Langendorf United Bakeries Inc., 1160 McAllister St., San Francisco, Calif. 

W. E. Long Co., 155 North Clark Street, Chicago, Illinois 

Monsanto Chemical Comeony. 1700 South 2nd St., St. Louis, Missouri 

Montana Expt. Station, Grain Laboratory, Bozeman, Montana 

Morque, Herbert, State Mill & Elevator Co., Grand Forks, North Dakota 

National Grain Yeast Corp., 800 Mill Street, Belleville, New Jersey 

Northwestern Miller, Minneapolis, Minnesota 

Novadel-Agene Corp., Box 178, Newark, New Jersey 

P. Duff & Sons Inc., 920-922 Duquesne Way, Pittsburgh, Pennsylvania 

Pet Milk Co., Greenville, Illinois 

Pfaltz & Bauer, Inc., Empire State Bide. Room 3023, New York, New York 

Pillsbury Flour Mills Co., Minneapolis, Minnesota 

Purdue University, Agricultural Experiment Station, Lafayette, Indiana 

Quality Bakers of America, 120 W. 42nd Street, New York, New York 

Red Star Yeast & Products Co., 221 E. Buffalo St., Milwaukee, Wisconsin 

Rumford Chemical Works, 9 Newman Avenue, Rumford, Rhode Island 

Russell, Miller Milling Co., Minneapolis, Minnesota 

Seagram, Joseph E., & Sons, Inc., Lawrenceburg, Indiana 

Seagren, L. C., Pillsbury Flour Mills Company, Astoria, Oregon 

Siebel, E. A., & Co, 8 South Dearborn Street, Chicago, Illinois 

Siebel, J. E., Sons Co., 958-966 Montana St., Chicago, Illinois 

Southwestern Miller, 860 Board of Trade Bldg., Kansas City, Missouri 

Standard Milling Co., Kansas City, Kansas 

Standard Milling Co., 503 Seneca Street, Buffalo, New York 

Stein-Hall Mfg. Co., 2841 S. Ashland Avenue, Chicago, Illinois 

Thomas Page Milling Co., Topeka, Kansas 

United Grain Growers, Terminals Ltd., Port Arthur, Ontario, Canada 

— Robert, Wallace & Tiernan Ltd., 350 Sorauren Avenue, Toronto, 
Canada 

Victor Chemical Works, 3000 Board of Trade Bldg., Chicago, Illinois 

Virginia Carolina Chemical Corp., P. O. Box 667, Richmond, Virginia 

Wahl-Henius Institute, Inc., 64 E. Lake Street, Chicago, Illinois 

Wallerstein Company, Inc., 180 Madison Avenue, New York, New York 

Wichita Flour Mills Co., Wichita, Kansas. 

Rait, 906 Grain Exchange Bldg., Winnipeg, Manitoba, 
anada 

Winthrop Chemical Company, 170 Varick Street, New York, New York 


AccuRATE 


"DEPENDABLE KAFIO 


eu cary, sure method of 
TEST BAKING 


Accurate, uniform heat which smoothly 
penetrates every sample in the cham- 
ber—this is what makes a Despatch 
Rotary Hearth oven so unfailingly de- 
pendable and convenient for all types 
of test baking. 

Through its entire heat range 
(100° F. to 550° F.), for baking pup 
loaves, rolls, biscuits, cakes or other 


samples, this oven gives just the sort 
of bake required for top scoring and 
grading. 

In addition, the easy-loading, 
smooth-running hearth, plus accurate 
thermostatic control (+ 2° C.) makes 
operation conveniently automatic. 
Ideal for the busy lab. WRITE for 
complete details and prices. 


Prompt Deliveries 


DESPATCH 


OVEN COMPANY minneapouis 


DESPATCH CEREAL LABORATORY EQUIPMENT 
ROTARY HEARTH OVENS § STATIONARY HEARTH OVENS FORCED DRAFT OVENS 


Standard sizes handle up to 
48 pup loaves or 12 1-Ib. 
loaves. Electric. Twin heater 
banks. Smooth-running 
hearth; standard diams. to 
38”, special models to 108”. 


Rugged and dependable, 
with thermostatic control. 
Bakes 10 to 216 pound-loaves 
at a time, depending on unit 
size. Standard section di- 
mensions (inside) from 11°x 
11°x9" to 57°x60"x9’. 


Fast-heating, accurate ovens 
for moisture drying and sim- 
ilar tests. Electric. Heat 
range to 260° C. Control ac- 
curacy + 1° C. Inside dimen- 
13°x13"x13" to 37°x25*x 
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If you’re looking for a rapid, but 
thoroughly scientific, method of 
controlling flour maturity, it will 
pay you to give Agene a trial. 
Agene assures finer texture and a 


more favorable “first impression”. 


WALLACE & TIERNAN CO., INC., Agents for: 


NOVADEL-AGENE 


BELLEVILLE, NEW JERSEY 


NA-93 
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AGENE FOR STANDARDIZED MATURITY 
NOVADELOX COLOR 


